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ABSTRACT 
The importance and significance of the mecal ion 
chemistry of macrocyclic ligands cannot be overemphasized. 
The macrocyclic ligands incorporating nitrogen or sulphur or 
both nitrogen and sulphur donor atoms are of interest 
because of their potential for providing molecules capable 
of mimicking various aspects of macromolecular biological 
system. The design and synthesis of multidentate macrocyclic 
ligands containing coordination sites for binding several 
guest species such as hard and soft metal cations is of 
considerable interest. 
Dicopper complexes of a series of binucleating 
macrocycles such as haemocyanine and cytochrome C oxidase 
have been used as model of the active centre of some 
biological metalloenzymes. The chemistry of macrocyclic 
ligands and its exciting applications has prompted the study 
undertaken in the present work. An introduction to the same 
has been described in the first chapter of the thesis. 
In the present work several new macrocyclic ligands 
have been synthesized with a view to prepare complexes which 
would be helpful in elucidating several aspects of the 
macromolecular biological systems. 
^ 
In the second chapter of this project three new types 
of macrocyclic ligands,7,12-diamino-l,4,8,11-tetraazacyclo-
tetradeca 8,11-diene (L ),9,11-dimethyl-l,4,8,12-tetraazacyc 
-lopentadeca-8,12-diene-7,13-dione (L ),14-Amino-3-pyridyl 
-1, 4 , 8, ll-tetraazacyclotetradeca-l, 3-diene-5-one (L-,) ^^^ ^ 
simple Schiff base ligand N,N'-di-2-(3-pyridyl-l,2,4-triazoI 
-5-yl)ethyl ethylene diamine <L ) derived (a) by the 
condensation reaction of 4,7-diazadecanediamide with 
acetylacetone and ethylenediamine (b) by the condensation 
reaction of 4,7-dia2adecanediamide with isoniazid in 1:1 and 
1:2 molar ratios have been prepared. 
Some first row transition metal ions form the complexes 
in a 1:1 (Metal : Ligand) ratio with the ligand L . Molar 
conductance values of the complexes reveal that the bivalent 
metal ions are 1:2 electrolytes while complexes of the 
trivalent metal ions are 1:1 electrolytes in nature. An 
octahedral geometry has been suggested for Cr(III) and 
Fe(III) complexes whereas the bivalent metal ions have a 
tetrahedral geometry. The lanthanide (III) complexes of the 
above ligands have also been synthesized and characterized 
by elemental analysis, IR, H NMR spectra and magnetic 
moment measurements. The complexes are 1:1 electrolyte in 
DMSO and are hexacoordinated with an octahedral geometry. 
Another series of the complexes of first row transition 
metal chlorides with the ligands L and L have also been 
synthesized. Bivalent metal complexes are 1:2 electrolytes 
while the trivalent metal complexes are 1:1 electrolytes in 
DMSO. H NMR spectra of the ligands and their complexes 
show a downfield shift after .coordination suggesting 
coordination through the nitrogen atoms of macrocyclic 
ligands. An octahedral structure has been suggested for 
Cr(III) and Fe(III) complexes whereas the Cu(II) complexes 
are square planar. A tetrahedral geometry has been proposed 
for Mn(II), Co(II), Ni(II) and Zn(II) complexes with the 
above ligands. 
In the third chapter the preparation of three new 
Schiff base ligands 1,3-(5-chloro-2-hydroxyphenyl)phenyl 
methylene amino)propane (L^),1,2-(5-chloro-2-hydroxyphenyl) 
phenyl methylene amino) ethane (L^) and2-(5-chloro-2-hydroxy 
-phenyl)phenyl methylene amino)pyridine (L_) derived from 
the condensation reaction of 5-chloro-2-hydroxybenzophenone 
with propanediamine, ethylenediamine and 2-aminopyridine has 
been described. The complexes of these ligands with 
Crdll), Mn(II), Fe(III), Co(II), Ni(II), Cu{II) and Zn(II) 
have been characterized by elemental analysis, magnetic 
susceptibility measurements and electronic and infrared 
studies'. 
Fe(III) and Cr(III) complexes of L are soluble in 
DMSO. The molar conductance values of the complexes suggest 
a 1:1 electrolytic nature. On the basis of electronic 
spectra and magnetic moment measurements an octahedral 
geometry has been proposed for all the complexes with the 
above ligands. The magnitude of the nephelauxetic parameter 
B indicates a low degree of covalency in these complexes. 
In the case of ligand L also only complexes of 
5 
trivalent metal ion are soluble in DMSO and are 1:1 
electrolyte in nature. All the complexes have an octahedral 
geometry except Co(II) and Ni(I]?) complexes which presumably 
have a tetrahedral geometry. 
In the case of ligand L_ all the trivalent and bivalent 
metal ions form the complexes in 1:2 (Metal : Ligand) 
ratios. The complexes are soluble in DMSO and are ionic in 
nature. An octahedral geometry has been proposed for all 
the complexes on the basis of their magnetic moments and 
characteristic electronic assignments. 
The synthesis of two series of first row transition 
metal chloride complexes with the ligands,5-Acetoxy-4-(2-hyd 
-roxyphenyl)6-methyl-l,4-dihydropyrimidine (L ) and sulpho 
- 1 xide derivative of 5-Acetoxy-4-(2-hydroxyphenyl)e-methylrl, 
T f^eM 
4-dihydropyrimidine (Lf,) have been carried out and is 
described in the fourth chapter of this project. 
The divalent and the trivalent metal ions form the 
complexes in 1:2 and 1:1 (Metal : Ligand) ratios with the 
ligand L . An octahedral geometry has been proposed for 
o 
Fe(III) and Cr(III) complexes, while the Cu(II), complex has 
square planar geometry around the metal ion. A tetrahedral 
geometry has been proposed for Mn(II), Co(II), Ni(II) and 
Zn(II) complexes with the above ligand. The ligand field 
parameters lOOq, B and f have also been calculated for these 
complexes. The magnitude of nephelauxetic ratio p indicates 
a low degree of covalency for the complexes. 
In the same chapter the synthesis and characterization 
of another series of transition metal chloride complexes of 
ligand L have also been described. The bivalent metal ions y 
form the complexes in 1:2 (Metal : Ligand) ratio while those 
of trivalent metal ions form the complexes in 1:1 (Metal : 
Ligand) molar ratio respectively. The magnetic moment values 
and electronic assignments are indicative of an octahedral 
geometry for all the complexes. The ligand field parameters 
10 Dq, B and p have also been calculated for the complexes. 
The value of p indicates that the covalent character of 
metal ligand bond is low. 
In the fifth chapter of this projectj Ihe synthesis 
and characterization of the complexes of Mn{II), Co(II), 
Ni(II), CudI) and Zn(II) with tetradentatel,2,4,8,10,11-hex 
-aaza-3,9-bis-4-pyridotetradeca-3,9,12,14-tetraene ^^in^ 
derived from isonicotinic acid hydrazide, acetylacetone and 
propanediamine has been described. Molar conductance values 
of these complexes measured in DMSO indicate their non ionic 
nature. On the basis of magnetic moment values and 
electronic spectral assignments an octahedral geometry has 
been proposed for all the complexes. 
In the same chapter the synthesis and characterization 
of another series of 1:1 complexes of above ligand with 
lanthanide (III) chlorides have also been described. These 
complexes have been characterized by elemental analysis, 
I.R., u.v-visible spectral studies and magnetic moment 
measurements. The magnetic moment and electronic spectra 
suggest that the lanthanide ions are 7-coordinated with an 
octahedral geometry. The positive values of bonding 
parameter b^ s and covalency parameter ^% indicate a 
moderate covalent character of metal ligand bond. The molar 
conductance values of all the complexes in DMSO reveal that 
all the complexes are non ionic in nature. 
In the last chapter the synthesis of a new macrocyclic 
ligand 1,4,8,ll-tetraazacyclotetradeca-5,7,12,14-tetrameth-
yl- 2,3,9,10-tetrathione (^TT) ^^S been described. This 
ligand L has been prepared by the reaction of 
dithiooxamide with acetylacetone in 1:1 molar ratio. New 
transition metal complexes of type (M L ^^n^ where 
M=Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) and (M L 
Cl )C1 where M=Fe(III) and Cr{III), have been synthesized. 
The molar conductance value of the complexes reveal that the 
complexes of bivalent metal ions are non ionic while those 
of trivalent metal ions are 1:1 electrolyte in DMSO, the 
electronic spectra and magnetic moment are suggestive of an 
octahedral geometry. On the basis of 10 Dq, values it is 
concluded that the complexes of trivalent metal ions are 
more stable than that of divalent metal ions. 
The macrocyclic Schiff base on reaction with lanthanide 
(III) chlorides yielded the complexes of general formula (M 
L Cl ). The covalent nature of metal ligand bond is 
indicated by their molar conductance values measured in 
DMSO. The magnetic moment and electronic spectra also 
suggest heptacoordinated lanthanide (III) ions. 
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CHAPTER I 
INTRODUCTION 
INTRODUCTION 
The long awaited renaissance in inorganic chemistry 
finally arrived during the 1940, and since that time there 
has been great activity in all branches of this science 
particularly in chemistry of coordination compounds. Early 
workers considered and studied the coordination compounds of 
only a few metals e.g. Pt, Co and Cr and coordination number 
of four and six. More recent research on coordination 
compounds has been concerned with nearly all the metals of 
the periodic table, with all coordination numbers from two 
to twelve and in many oxidation states ' . 
New procedures for the syntheses of inorganic complexes 
have made it possible to prepare a large variety of new 
compounds which are widely used in industry and medicine. 
Coordination chemistry has particularly found use in 
4-5 
medicine in a number of ways . Coordination compounds can 
be used in the treatment and management or diagnosis of 
diseases" or can even be formed in the body to handle 
dysfunction due to metal poisoning specifically. One can 
define some principal areas of use of transition metal 
compounds in medicine. These are :-
(i) The use of coordination compounds or metal based drugs 
to treat diseases. Examples are the historical use of 
organoarsenicals in the treatment of syphilis and the 
more recent use of cis dichlorodiamineplatinum (II) in 
the treatment of certain types of cancer, and the use 
since last 50 years of the complexes of gold in the 
7-10 
treatment of Rheumatoid arthritis 
(ii) The use of chelating or complexing agents to treat 
metabolic dysfunction- The classical example is the 
use of D-penicillamine to treat wilson's disease, 
which is caused by an inability of the body to 
metabolize copper in the normal ways. Another example 
is the use of desf errioxamine for Iron overload in 
cooley's anemia, which is caused by a fault in 
haemoglobin synthesis. 
(iii) The use of complexing or chelating agents to remove 
heavy metal poisons from the body. We are slowly 
beginning to realize how serious the problem of heavy 
metal poisoning is and there is likely to be 
increasing pressure from the public to devise methods 
of treating patients who are exposed to heavy metal 
poisoning in various industries. 
Nitrogen^ Oxygen and sulphur containing ligands are 
known to coordinate to metal ions, in a variety of 
11-14 
ways . Some of the various types of ligands available 
are :-
(1) Simple monodentate or bridging ligands. 
(2) Simple monocyclic rings with an additional ligand group 
as substituent. 
(3) Chelating ligands containing two or more heterocyclic 
rings. 
(4) Condensed conjugated heterocyclic chelating ligands. 
The simple bidentate ligands such as NH -CH -CH -NH 
^ £m £a im 
and NH -CH -CH -CH -NH^ were described as "Gog's gift" to 
the coordination chemistry . There are a number of examples 
where these and other diamines act in a monodentate or 
bridging manner. This group may or may not contain 
additional donor atoms, such as nitrogen,oxygen and sulphur. 
The stability of metal chelates is influenced by a 
range of factors including. 
(1) The number and nature of donor atoms and their spatial 
arrangement. 
(2) The backbone structure of the ligand and its ability to 
accommodate the preferred coordination geometries of 
the respective metal ions (including the degree of 
preorganization present in the system). 
Nitrogen oxygen and sulphur containing chelating agents 
have attracted considerable attention because of their 
interesting physiccchemical properties and pronounced 
biological activities. 
The attachment of metal ions to proteins such as 
monoclonal antibodies can create new tools for use in 
biology and medicine. The reagents used for such 
attachment are called as bifunctional chelating agents, 
because they incorporate a strong metal chelating group and 
a chemically reactive group. These bifunctional chelating 
agents are used to endow biological molecules with the 
nuclear physical or chemical properties of chelated metal 
ions . The properties of the chelated metal ions are 
the key factor in the selection of bifunctional chelates. 
fi 7 
Radioisotopes of copper such as Cu have been shown to be 
potentially useful in radioimmuncfchei-apy . Cu releases 
high energy electrons which can cause toxic chemical 
reactions to target tumour cells located with an 
approximately 100 urn of the radionuclide. During the last 
few years substantial progress has been made in the 
application of such reagents to the problems such as cancer 
20 21 22 
therapy and diagnosis ' , clinical immunoassays and DNA 
23 
footprinting . The hydrazides of organic acids and their 
derivatives are considered to function as antitubercular 
24-25 
compounds . Some hydrazides are also found to exhibit 
antimalarial activity while their chelates with Cu(II) 
27 have fungicidal effect . These hydrazides also have wide 
2 8 
applications as pharamaceutical agent as well as in 
2 9 — 3 0 
industry . The main use of ligand reactions in 
synthesis is in the preparation of multidentate chelates. 
In this manner the field of coordination chemistry has been 
enriched as the development of new ligands has led to the 
31 
introduction of new influences in metal ions . The metal 
ion chemistry of macrocyclic ligands has in the recent years 
assumed great importance in the field of inorganic 
32-33 
chemistry . The• naturally occurring macrocyclic 
complexes of transition metals and lanthanide metals have 
34-39 
been the subject of study for many years . Due to the 
increasing importance of lanthanides in many industrial 
fields and their potential application in biological systems 
these are used in the complexation reaction with organic 
40 
moieties . The naturally occurring complexes of transition 
metal chlorides have also been the subject of study for many 
41 years 
As compared to their open chain analogues the 
macrocyclic ligands form stable complexes due to the 
stereochemical constraints associated with their cyclic 
42 
nature The reinforced macrocycles synthesized by 
Wainwright and Ramasubbu show much greater rigidity than do 
43-44 
their non reinforced analogues (Fig. 1). 
r\ 
N N 
N N 
Fig. 1. 
The synthetic macrocyclic ligands and their complexes 
have been one of the most studied group of the 
45-46 
compounds . In recent years the synthetic challenges, 
the experimental kinetics and the thermodynamic properties 
of the macrocyclic ligands enable them to be used as model 
47-48 
system for biological interest 
The fundamental importance and significance of the 
metal ion chemistry of macrocyclic ligands have been 
49 described and summarized by Lindoy within the huge group 
of macrocyclic ligands. The macrocyclic ligands 
incorporating both nitrogen and sulphur donor atoms are of 
interest because of their potential for providing molecules 
capable of mimicking various aspects of macromolecular 
biological system . The design and synthesis of 
multidentate macrocyclic ligands containing coordination 
sites for binding several guest species such as hard and 
soft metal cations is of considerable interest 
Such receptors exhibit novel allosteric cooperative and 
catalytic properties by binding sequentially two or more 
guest metal cations in close proximity to one another as 
reported by Rebek et al 
The macrocycles with pendant arms have also attracted 
much attention as they serve as model ligands for metal 
C O 
enzymes as metal ion selective ligand and metal chelating 
agents for medicinal application (Fig. 2 ). Macrocyclic 
ligands with pendant aminoalkyl group can be linked to a 
monoclonal antibody which allows the specific labelling of 
the macrocycle-conjugated antibodies with radioisotopes to 
be usedas targetting agents in the diagnosis and therapy of 
cancer or other diseases (Fig. 3 ). 
r^^ 
R 
N 
N 
R 
^ ^ ^ ^ 
Fig. 2 
^Z^s 
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Dicopper complexes of a series of binucleating 
macrocycles such as haemocyanine and cytochrome oxidase are 
studied as models of the active centre o"f some biological 
r -1 
metalloenzymes (Fig. 4). Binucleating macrocyclic 
ligands provide a delocalized system to promote the 
interaction between two metal ions. The macrocyclic binding 
sites impart thermodynamic stability and inhibit the loss of 
metal ion from the complexes (Fig. 5). 
{CHjJn 
r^:^>i 
(CH2)n 
Fig. 4 
10 
The macrocyclic complexes are thermodynamically stabilized 
and kinetically retarded towards metal dissociation or 
substitution relative to the complexes of corresponding non 
cyclic ligands . The metal complexes of 14 membered 
macrocyclic tetraimine-1,4,8,11-tetraazacyclotetradecane 
(Cyclam I) (Fig. 6) display the highest thermodynamic and 
64 kinetic stability . Macrocyclic ligands have been widely 
used to prepare and study the polynuclear metal complexes. 
. . .• . 65-66 
These polynuclear macrocylic complexes are used as 
model system as they have the multisite metal complexes 
6 7 — 7 7 
required for the biological functions . The macrocyclic 
polyamines (Fig. 7) are known as the potential synthetic 
ligands for the soft transition metal cations and 
73 
polyanionic guest species . By the introduction of 
additional ligating group into such a polyamine unique host 
guest complexes are formed and interesting chemical features 
are developed. Macrocyclic polyamino carboxylates have some 
additional features which effect the stability and their 
acid assisted dissociation rates. These include the 
internal cavity size, conformation and the preorganization 
of free ligand. Polyazamacrocycles with large cavities have 
received recent interest due to the cyclic arrangement of a 
large number of donor atoms. The flexibility of these ligands 
11 
F i g . 5 
Me 
/ 
H, 
N 
.H 
N 
H / 
N N \ 
H 
Mc 
F i g . 6 
12 
V / \ / 
N N 
N N 
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Fig. 7 
make them good host for binuclear or even polynuclear metal 
74-75 ion complexes which are widely used as model compounds 
for biological processes (Fig. 8). 
F^ij. 8 
13 
Transition metal complexes of polyaza and 
polythiamacrocycles have shown how these macrocycles can 
rearrange to meet the stereochemical requirement of metal 
77 
ions. 
Transition metal complexes of macrocyclic ligand 
derived from benzene 1,2-diamine with 1,3-diketone have 
great resemblance with many natural systems eg. porphyrins 
and cobalamines (Fig. 9 )• 
Fig. 9 
Due to their great resemblance to the biological 
system these aza and tetraazamcrocycles have also attracted 
much attention. The complexes with tetraazamacrocyclic 
ligands have many characteristics in common with 
me talloporphyrin, Vitamin B and chlorophyll (Fig.10^ 
14 
N—, 
Fig. ]D 
On the analogy that macrocyclic schiff bases have been 
obtained in the presence of alkaline earth metal ions, 
lanthanide metal ions have been used for the synthesis of 
macrocyclic metal chelates because they have the comparable 
ionic radii. Several bi, tri, tetra-and pentadentate 
ligands have been obtained in the presence of lanthanides as 
79 teraplating agent . These macrocyclic ligands are useful 
models for the study of biologically important 
metalloproteins or enzymes and the complexes of these 
macrocycles have been used to catalyze the oxidation of 
hydroquinones, 1,2-diphenylhydrazine and thiols. 
The coordination chemistry of polyazamacrocyclic 
ligands towards lanthanides has also been studied . A 
15 
number of complexes with crown ethers and cryptands 
(Fig.' 11.) have been synthesized as they can be used for 
lanthanide separation for stablizing the lower oxidation 
states and for studying the high coordinated complexes of 
lanthanides 
A~A 
Fig. 11 
16 
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CHAPTER II 
(I) 9,ll-DlMETHYL-l/^/8/12-TETRAAZACYCLOPENTADECA-8,12 
-DIENE-7/13-DIONE,(Lo) 
(II) 7/12-DlAMINO-l,^/8/ll-TETRAAZACYCLOTETRADECA-8/ll-
DIENE (L-^ ) 
(III) 1^-AMINO-3-PYRIDYL-1/^/8,11-TETRAAZACYCLOTETRADECA-1, 
3-DIENE-5-ONE XU) 
(IV) N;N'-DI-2-(3-PYRIDYL-1,2,4-TRIAZOL-5-YL)-ETHYL 
ETHYLENE DIAMINE (Ln) 
TRANSITION METAL COMPLEXES OF 
9,ll-DlMETHYL-l,^,8,l2-TETRAAZACYCLOPENTADECA-8,12 
-DIENE-7,13-DIONE ( U ) 
AND 
7,12-DlAMINO-l/4/8,ll-TETRAAZACYCLOTETRADECA-8,ll-
DIENE (L^) 
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EXPERIMENTAL 
Acrylamide (Reachim), ethylenediamine, acetylacetone and 
transition metal chloride (BDH) were used as received. 
Ethanol was distilled over CaCO , Iodine and magnesium. 
Synthesis of 4,7-diazadecaRedianvine (DP) 
Ethylenediamine (1 molf J-6.7 mL) was added to acrylamide 
0.2 mol,14.2 gm) dissolved in hot acetonitrile in a 250 mL 
round bottom flask. The resulting mixture was refluxed for 
2-4 h , and was kept overnight when a white solid was 
obtained. It was washed with ether and dried in vacuo. It 
was recrystallized from hot ethanol (m.p. 80°C), (Yield 72%) 
Synthesis of free Schiff base macrocyclic ligand (L.. ) . 
A mixture of 4,7-diazadecanediamide (Immol, 0.202 g) and 
ethylenediamine (Immol, 0-06 mL) in ethanol (25 mL) was 
refluxed on a water bath for 1-2 h. The solution was cooled 
to about 10°C and maintained at pH 3 by the addition of HCl 
which afforded a precipitate in cold. It was filtered, 
washed with ethanol and dried in vacuo. It was 
recrystallized from hot ethonol. (mp.245°C) (Yield. 66%). 
2 3 
Synthesis of the Complexes of (L ). 
The free Schiff base L was dissolved in a mixture of 
absolute ethanol and a buffer of pH. 4, An ethanolic 
solution (25 mL) of metal chloride was added to it and the 
resulting mixture was refluxed on a water bath for 3-4 h 
when the precipitate began to appear and settled completely 
on cooling the contents. The complexes thus obtained were 
washed with ethanol and dried in vacuo. The melting points, 
yields and analytical data are given in Table-1. 
Synthesis of free Schiff base morcocyclic ligand (L ). 
A mixture of 4,V-diazadecanediamide (Immol, 0.202 g) and 
acetylacetone (Immol, 0.108 mL) in ethanol (25 mL) was 
refluxed on a water bath for 1-2 h. The reaction mixture 
was cooled and a few drops of cone. HCl was added to adjust 
the pH between 3-3.5 which yielded a white precipitate on 
cooling the contents. The compound was centrifuged, washed 
several times with absolute ethanol and dried in vacuo. It 
was recrystallized from hot ethanol. (M.p.225°C), 
(Yield,65%). 
24 
Synthesis of complexes of (L ). 
The free macrocyclic ligand L was dissolved in a 
mixture of absolute ethanol (25 mL) and a buffer of pH 4. 
Metal chloride solution (Immol) in absolute ethanol (30 ML) 
was added to it and was refluxed for 2 h. The reaction 
mixture was allowed to cool at room temperature to give a 
precipitate which was washed with ethanol and dried in 
vacuo. The melting points, yields and analytical data are 
summarized in Table-I. 
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RESULTS AND DISCUSSION 
The analytical data of the complexes are summarized in 
Table-I. The molar conductance of the complexes measured in 
DMSO indicates that the compounds of bivalent metal ions are 
1:2 electrolyte and those of trivalent metal ions are 1:1 
1 2 
electrolyte. ' The complexes of Cr(III), iMn (II) , Fe(III), 
Co(II), Ni(II), Cu(II) and Zn(II) with the ligand L and L 
were synthesized by the following reactions-
(i) MCl^ + L^—>(ML^)Cl2 
MCl^ + L^_^(ML^Cl2)Cl 
(ii) MCl^ + L^-^{ML^)C1^ 
MCl^ + L2->(ML^Cl2)Cl, 
IR Spectra 
The relevant IR peaks of compounds are given in 
Table-II. When D D reacts with acetylacetone, the NH group 
is replaced byVC=N leading to the formation of macrocyclic 
ligand L . However, when D.D. reacts with ethylenediamine 
under the same conditions the !> C=0 is replaced byv'C=N 
26 
(Fig. 12 ) and the macrocyclic ligand L is formed. In the 
case of L ligand the carbonyl (C=0) oxygen atom does not 
take part in coordination, its frequency is slightly 
3 
decreased owing to the conjugation caused by the 
introduction of (C=N) double bond. We have observed a 
medium intensity y (C=N) band in all the complexes in 
-1 4 1605-1615 cm region due to the coordinated C =N groups. 
The \^(N-H) due to secondary amino group appearing at 3300 
cm in the free L and L molecules is substantially 
shifted to lower wave number region (Table- II) after 
coordination . 
The y(C-N) appear in the same region and do not show 
any significant changes even after complexation. The jx'(NH) 
due to the primary amino group in the complexes of L and L 
appears at the same frequency as in the free ligand, 
suggesting its non-involvement in chelation. 
Assignment of ]/'(M-Cl) and y(M-N) vibrations have been 
made in 200-650 cm region. The frequency of jy (M-N) 
varies with the size of the ligand to which nitrogen atom is 
attached. The }J (M-N) in case of metal-ammonia and 
metal-amine occurs in 400-500 cm region . The peaks 
occuring in 4')0--]70 cm region in the spectra of 
H 
K \ 
13 
^H^N 
N 
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7 
the complexes are assigned to)/(M-N) vibrations . The 
additional bands occurring.in 270-300 cm region in Cr(III) 
and Fe(III) complexes are assigned to 1/(M-C1) vibration . 
H NMR Spectra 
The H NMR signal due to NH protons at 4.25 in the 
spectrum of D.D. molecle disappears after the formation of 
L ligand. Hov/ever, in the case of L the signal due to NH 
protons at 5.2-4.8 is retained. The complexes of L have 
four types of magnetically non-equivalent CH protons. The 
protons at position 10 are observed as a sharp singlet in 
slightly upfield region as compared to the protons at 2,3 
and 15,5 positions which are attached to single bond 
nitrogen atom, which causes a downfield shift in their 
9 
position . (Fig. 13 ). The protons at 14 and 6 positions 
are also shifted downfield. The methyl protons are observed 
as a sharp singlet in the upfield region (Table-Ill). 
The complexes of L also have four types of magnetically 
non equivalent CH_ protons. The peak positions of protons 
at positions 9 and 10 are not very different from those at 
positions 2,3 (2.86) and 5,14 (2.68) (Fig. 12 ). However 
the position of CH protons at 6,13 is comparatively 
29 
upfield. This shielding is presumably because of electron 
release from NH group. As compared to free L and L the 
NH protons in the complexes are shifted downfield due to the 
strong coordination of nitrogen atom with the metal ion. 
Magnetic moment and Electronic Spectra 
Since an octahedral, tetrahedral and square planar 
Cu(II) ion has the same U eff value, no distinction could be 
made on the basis of magnetic moment only. The absorption 
bands (14,840 cm" , 15,510 cm'""") and (17,210 cm'""", 17,690 
cm ) corresponding to the transitions E <• B^  and 
g Ig 
Ig Ig A, •< • B^  respectively, are characteristic of a 
Iq -^  
square planar Cu(II) ion. The magnetic moment values 
(Table-IV) are also consistent with those reported by 
Barclay and Raymond (1.78 and 1.99 B.M.) for similar square 
10 
planar Cu(II) complexes 
It is difficult to distinguish betweena tetrahedrally or 
an octahedrally coordinated Mn ion only on the basis of 
magnetic moment values, as they both have the same value. 
However, the pale yellow colour and the electronic spectral 
assignments point towards a tetrahedral geometry for Mn(II) 
11 ion 
30 
For an octahedral Fe(III) complex the theoretical IL eff 
value is (5.92. B.M.) The difference in the calculated and 
observed magnetic moment is ascribed to the intermolecular 
magnetic interaction. Absorption spectral bands are 
* 12 
characteristic, of an octahedral geometry for Fe{III) ion 
The calculated magnetic moment for three unpaired 
electrons is 3.87 B.M..Hay and coworkers have reported the 
jLL eff (3.89-4.00 B.M.) for tetraaza cyclopentadecane 
macrocyclic complexes of Cr(III) with an octahedral 
13 geometry . The experimental values (Table-IV) for the 
present complexes are consistent with the above findings. 
The spin exchange interaction between the two S=l states 
causes a great variation in the LLeff values of Ni(II) 
complexes. The electronic absorption bands at 16,310 cm" 
and 16,230 cm in both type of macrocyclic complexes of 
3 3 
Ni(II) correspond to the T (P)< T (F) transition 
and charge transfer bands at 35,500 cm and 33,170 cm are 
14 
characteristic of tetrahedral geometry 
The difference between observed (2.99 and 3.02 B.M.) and 
the calculated magnetic moment (3.87 B.M.) for Co(II) ion in 
high spin state xs due to the interaction of the excited 
31 
state with ground state. A tetrahedral Co(II) ion has been 
shown to have }l etf in the range of 4.40-4.48 B.M . 
This deviation occurs due to the spin orbit coupling and 
due to the variation in temperature. We could not measure 
the fj.eff at varying temperatures, nevertheless the observed 
moment (4.42 and 4.54 B.M.) at ambient temperature, the blue 
colour and the electronic spectral bands of the complexes 
are consistent with a tetrahedral geometry for the 
cobalt(II)complex. 
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LANTHANIDE COMPLEXES OF 
9,ll-DlMETHYL-l/4,8,12-TETRAAZACYCLOPENTADECA-8,12 
-DIENE-7/13-DIONE-(L^) 
AND 
7,12-DlAMINO-l,^,8,ll-TETRAAZACYCLOTETRADECA-8,ll-
DIENE a^) 
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EXPERIMENTAL 
Materials and methods 
Acrylamide (Reachim), ethylenediamine, acetylacetone and 
lanthanide metal chlorides (BDH). were used as received. 
Ethanol was distilled over CaCO , Iodine and Magnesium. 
Synthesis of 4,7-diazadecanediainide (DP) and ligands(L ,L ) 
Synthesis of free • DD, molecule and ligands (L and L 
was carried out as described earlier. 
Synthesis of lanthanide complexes of (L ) 
A solution of free macrocycle L in a mixture of ethanol 
(40 mL) and a buffer of pH4 was refluxed on a water bath for 
4-6 h. Metal chloride (1 mmol) suspended in absolute ethanol 
(25 mL) was added to it and the mixture was refluxed for 
2-3 h. The colourless solution turned off white. The 
contents were cooled at room temperature whereupon the solid 
product appeared which was filtered ^  washed several times 
with absolute ethanol and dried in vacuo. The melting 
points,yields and analytical data are summarized in Table-V. 
45 
Synthesis of lanthanide complexes of (L ) 
The macrocyclic ligand L was dissolved in a mixture of 
ethanol (25 mL) and a buffer of pH4 under reflux for 24 h. A 
hot ethanolic solution (25 mL) of metal chloride was then 
added to it and the solution was further refluxed for 4-5 h. 
The mixture was magnetically stirred for 24 h. The 
coloured products thus obtained were filtered ^ washed with 
ethanol and dried in vacuo. The melting points^ yields and 
analytical data are summarized in Table-V. 
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RESULTS AND DISCUSSION 
The free macrocyclic Schiff bases 7,12-diamino-l,4,8,11-
tetraazacyclotetradeca-8,11-diene (L,) and 9,11-dimethyl-
1,4,8,12-tetraazacyclopentadeca-8,12-diene-7, 13-dione (L ) 
have been synthesized in acidic medium. The reaction 
between the metal and ligand occurs in 1:1 molar ratio to 
form the complexes. The reactions are represented as 
follows. 
LnCl + L • f (LnL CI )C1 
LnCl + L > (LnL CI )C1 
The complexes have been characterized by IR, H NMR, 
UV-visible spectroscopic and magnetic moment measurements. 
The analytical data of the complexes are summarized in 
Table-V. The molar conductance values of the complexes 
measured in DMSO reveal that lanthanide(III) metal complexes 
1 2 
of both the ligands are 1:1 electrolyte in nature ' . 
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IR Spectra 
The IR spectrum of the free macrocyclic Schiff base 
shows significant changes as compared to the free 
4,7-diazadecanediamide DD molecule. The reaction of DD 
with acetylacetone and ethylenediamine in presence of cone. 
HCl results in the replacement of (NH ) from ligand L and 
(C=0) from L by C=N group (Fig. 12,13). The IR spectra of 
the free Schiff bases and their complexes also show the 
significant changes. The C=N stretching vibration appear 
slightly at lower wavenumber(^Table-VI) in all the complexes, 
indicating that the nitrogen atom of azomethine group is 
4 
strongly coordinated to metal atom . 
Thei)(C=0) in the complexes of the ligand L shows a 
negative shift after coordination due to the presence of the 
conjugation caused by the introduction of C=N double bond , 
while \)(NH_) in the complexes of the ligand L remains at the 
same position, indicating the noncoordination of this group 
to the lanthanide ion (Fig. 16 ). The far infrared 
spectra of the complexes also show the intense halogen 
sensitive absorptions in 300-330 cm region. The J/'(M-C1) 
vibrations are greater in intensity than the V (M-N) 
vibrations 
48 
NH. 
F i g . 12 
48 
H 
CI 
M 
I Cl 
/ 
H 
H^N NH. 
Cl 
M = C e ( I I I ) , P r ( I I I ) , N d ( I I I ) , S r a ( I I I ) , G d ( I I I ) , D y { I I I ) , E r ( I I I ) 
H 
Cl 
N 
H 
N 
/ 
N A\ 'N 
Cl O 
Hf CH3 
Cl 
M = C e ( I I I ) , P r ( I I I ) , N d ( I I I ) , S m ( I I I ) , G d ( I I I ) , D y ( I I I ) , E r ( I I I ) 
F i g . 16 
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The bands at 420-380 cm are assigned to }J (M-N) 
17 -1 
vibrations . Additional sharp peaks appearing at 300 cm 
-1 -1 
320 cm •* and 310 cm are assigned to i) {Vr-Cl) , V(Ce-Cl) 
18 
and V'(Gd-Cl) vibrations respectively 
1 
H NMR Spectra 
The H NMR spectrum of the DD molecule displays a 
signal at 4.25 assignable to the NH protons. The three 
types of CH protons in the free DD molecule do not show 
much variation in their position after coordination. 
The CH protons attached to the single bonded nitrogen 
atom, absorb nearly in the same region, while the CH 
protons adjacent to the electron withdrawing carbonyl groups 
show a downfield shift as compared to the free DD 
molecule. The macrocyclic Schiff bases L and L show 
changes in the H NMR spectra of the DD molecule. H NMR 
signal due to the NH group is lost in the formation of 
macrocyclic Schiff base L while in the Schiff base L the 
signal due to NH group is retained due to its non 
involvement in the reaction after complexation. The signals 
due to the CH protons appear downfield as compared to the 
corresponding signals of the ligand indicating the 
51 
coordination of the ligand to the metal ion. The presence 
of electron withdrawing carbonyl and electron releasing NH 
group further causes a significant downfield and upfield 
shift respectively in the asborption positions of CH 
protons (Table-VII). 
Magnetic moment and Electronic spectra 
The paramagnetic behaviour of lanthanide(III) ions is 
consistent with the presence of unpaired electrons. The 
room temperature magnetic moment of all the complexes 
except Sm(III) shows a very little deviation from Van-Vleck 
19 
values indicating little participation of 4f electrons in 
bond formation. 
The shifting of the spectral bands towards lower energy 
20 
as compared to those of aquo ions is due to the 
1/2 
nephelauxetic effect. The bonding parameter b , covalency 
parameter £, % and nephelauxetic ratio- f> have been 
21 
calculated and compiled m Table-VIII. The positive 
values of these parameters indicate a moderate covalent 
character of the bond between metal and ligand. 
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TRANSITION METAL COMPLEXES OF 
1^-AMINO-3-PYRIDYL-1/4,8,11-TETRAAZACYCLOTETRADECA-1,3-D 
IENE-5-0NE (|_ ) 
AND 
N;N'-DI-2-(3-PYRIDYL-1/2/^-TRIAZOL-5-YL)ETHYL ETHYLENE 
DIAMINE (L^) 
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EXPERIMENTAL 
Materials and methods 
Acrylamide (Reachim), ethylenediamine, isoniazid 
(Aldrich) acetonitrile and the chlorides of transition 
metals of first series (BDH) were used as received. Ethanol 
was distilled over CaCO , Iodine and Magnesium. 
Synthesis of 4,7-diazadecanediainide (DP) 
Ethylenediamine (0.1 mol, 6.70 mL) was added to 
acrylamide (0.2 mol,14.2 g) dissolved in hot acetonitrile 
(50 mL) in a 250 mL round bottom flask. The resulting 
mixture was refluxed for 2-4 h and was kept overnight when a 
white solid was obtained. It was washed with ethanol and 
dried in vacuo. (M.P.80°C) (Yield. 72%). 
Synthesis of the free Schiff base macrocyclic ligand (L.^ ) 
4,7-diazadecanediamide (1 mmol, 0.202 g) dissolved in 
absolute ethanol was added to a solution of isoniazid (1 
mmol, 0.1371 g) in the same solvent. The mixture was heated 
under reflux for 1-2 h and then allowed to cool after which 
few drops of HCl were added to it to adjust the pH between 
62 
3-3.5. The reaction mixture was stirred contiruxosly and 
then was allowed to cool at-5°C. The yellow solid product 
was filtered off, washed with ether and dried in vacuo. It 
was recrystallized from hot ethanol (M.P. 90°C)(Yield. 70%). 
Synthesis of the complexes of (L^) 
(1 mmol) solution of metal chloride in absolute ethanol 
(25 mL) was added to a solution of L (1 mmol, 0.303 g) in 
absolute ethanol (25 mL). The resulting solution was heated 
on a water bath for 10 min whereupon the colourless solution 
became orange. It was further refluxed for 3-4 h and then 
it was allowed to cool. The coloured product thus obtained 
was filtered off, washed several times with absolute ethanol 
and then dried in vacuo. Melting points. Yields and 
analytical data are summarized in Table-IX. 
Synthesis of the free Schiff base ligand (L.) 
(1 mmol, 0.202 g) solution of 4,7-diazadecanediamide 
suspended in absolute ethanol was added into (2 mmol, 0.274 
g) solution of isonicotinic acid hydrazide dissolved in 
absolute ethanol. The resulting mixture was refluxed for 
Ih, after which the colourless solution became orange. The 
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pH of the mixture was adjusted between 3-3.5 by the addition 
of HCl. The reaction mixture was refluxed on water bath for 
about 2-3 h. The solid product thus separated on cooling 
was filtered off, washed several times with ethanol and 
dried in vacuo. It was recrystallized from ethanol. 
(M.P. 175°C) (Yield. 65%). 
Synthesis of the complexes of (L.) 
The metal chloride (1 mmol) was dissolved in ethanol 
(25 mL) and the ligand (1 mmol) suspended in absolute 
ethanol was added to it. The mixture was refluxed for about 
4 h on a water bath. The resulting coloured solution was 
allowed to cool at room temperature. A solid precipitated 
product was obtained. This solid was filtered off, washed 
several times with absolute ethanol and then dried in vacuo. 
Melting points, yields and analytical data are given in 
Table~IX. 
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RESULTS AND DISCUSSION 
The ligands L and L were synthesized by the reaction 
of 4,7-diazadecanediamide with isoniazid in 1:1 and 1:2 
molar ratios. The complexes of Cr(III) , Mn(II), Fe(III), 
Co(II), Ni(II), Cu(II) and Zn(II) with the ligand L and L 
were synthesized by the following reactions-
(i) MCl^ + L^ =?• UML^)Cl^ 
MCl^ + L^ > (ML2CL2)C1 
(ii) MCl^ + L^ ^ (ML^)Cl2 
MCl^ + L^ ^ (ML^Cl2)Cl 
The analytical data of the complexes are given in 
Table-IX. 
Since the complexes are fairly soluble in DMSO their 
molar conductances were measured in this solvent. The 
complexes of Cr(III) and Fe(III) have values indicating them 
to be 1:1 electrolytes. It is noteworthy that the complexes 
of Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) have high 
conductance values indicating them to be 1:2 
If 2 
electrolytes 
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IR Spectra 
Both the free 4,7-diazadecanediamide and isoniazid 
contain amine and amide group and display the characteristic 
vibrations in 3115-3290 and 3300-3350 cm region due to the 
22 
amino and amido vibrations, respectively (Table-X). The 
sharp bands occurring in 1665-1700 cm region in both 
23 24 
molecules are assigned ' to i/{C=0). The bands in 
1222-1510 cm region are attributable to amide II (C-N) and 
25 
amide III (contribution from N-H bending) respectively 
After complexation both the C=0 and NH are lost from L 
while in L one C=0 and one NH groups are retained (Fig.17). 
The (NH) group persists in both L and L .The y (N-H) due 
to the uncoordinated NH group increases about 100-200 cm 
in the complexes due to the loss of the hydrogen bond 
present in isoniazid while the coordinated 1/NH of the 
4,7-diazadecanediamide shows a large negative shift 
(Table-X) . A decrease in y (C=0) in the case of L is 
mainly.due to the conjugation caused by the introduction of 
3 (C=N) group while V(NH) due to NH in L does not show any 
change as it is not involved in coordination. When two C=N 
groups are present in the same molecule they are strongly 
4 
coupled effecting a decrease in its frequency . In the 
present case the coordinated V C=N present in L. (Fig. 19 ) 
66 
F i g . 1 7 
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is shifted to lower wave number region due to metal nitrogen 
bond formation while the uncoordinated }J C=N bands in case 
of L complexes are shifted relatively towards higher wave 
number region. Consequently V (C-N) is also negatively 
shifted. 
Some new bands observed in 440-460 cm region have 
7 been assigned to y(M-N) vibration. The additional sharp 
bands occurring in lower wave number region in Cr(III) and 
Fe(III) complexes are tentatively attributed to ^/(M-Cl) 
o 
vibrations . 
*H NMR Spectra 
The H NMR spectrum of 4,7-diazadecanediamide displayed 
NH proron signal at 7.016. The different CH protons 
26 
absorb at 2.4 (4H), 2.3 (4H) and 2.7 (4H). After 
complexation the environment of CH protons is not much 
influenced as compared to the situation in the macrocyclic 
ligands L and L . These protons show a slight downfield 
shift in their positions. The presence of electron releasing 
NH group, adjacent to the CH protons at 13 position in the 
complexes of L ligand increases the electron density 
resulting in a high field signal for them. The CH protons 
68 
at 6 position showed a downfield shift after complexation 
because of the electron withdrawing effect of the C=0 group 
adjacent to them. The NH protons of the 
4,7-diazadecanediamide did not show any change in position, 
whereas the signal for coordinated NH protons showed a 
downfield shift . Two water molecules are eliminated in 
the formation of L, while in L^ only one water molecule is 
4 3 -^  
removed leaving one NH group at position 14 (Fig. 17 ) • As 
a result of coordination a decrease in electron density 
around NH at position 14 in L complexes occurs causing a 
downfield shift of NH Proton signal. The aromatic protons 
of pyridine ring are observed as a sharp singlet in 
9 (7.1-7.6) region . 
Magnetic moment and Electronic spectra 
27 It has been reported by Lever et al that the U eff 
value for tetrahedral Co(II) complexes varies in 4.40-4.48 
B.M. range. In the present work the magnetic moment value 
falls nearly in the same range. However, the slight 
difference from the calculated value is attributed to spin 
orbit coupling. The blue colour and the spectral bands 
(Table-XII) also support a tetrahedral geometry for the 
complexes. 
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Although the observed magnetic moment for tetrahedral 
-J Q 
Ni(II) has been reported to lie in the range (3.35-3.60 
B.M.), the calculated value is relatively smaller (2.83 
B.M.). In the present case the JJL eff values (3.32 and 3.42 
B.M.) are within this range. The variation from the spin 
only value has been ascribed to the spin exchange 
29 interaction between the two S=l states 
It is difficult to distinguish between an octahedral 
and tetrahedral Mn(II) complexes only on the basis of 
magnetic moment values as they both have identical values. 
However, the pale yellow colour and the characteristic 
electronic spectral bands (Table-XII) point towards a 
11 12 tetrahedral geometry for the metal ion ' 
Cr(III) complexes are generally octahedral and the 
magnetic moment does not vary significantly as has been 
13 
reported by Hay and coworkers . The observed values in 
these complexes (3.93 and 4.11 B.M.) are very close to the 
calculated value for three unpaired electrons. 
It is known that an octahedral Fe(III) complex in high 
spin state is anticipated to have tleff 5.92. B.M. Even if 
the Fe(III) is seven coordinated its magnetic moment is not 
30 influenced as has been reported by Busch in the case of 
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H 
\ i/ 
H 
N N 
NH-
0 
CI. 
M - M n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( I I ) 
• ^ 
H- CI 
M 
H N 
M 
CI 
NH. 
"V^  
N X 
CI 
M - C r ( I I I ) , F e ( I I I ) 
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CI 
M = M n ( I I ) , C o ( I I ) , N i ( l I ) , C u ( I I ) , Z n ( I I ) 
CI 
M = ( C r ( I I ) , F e ( I I I ) 
F i g . 1 9 
72 
Fe(III) complex with pentadentate macrocyclic ligand. We 
have obtained similar iX e.f.t value for Fe(III) complex (5.90 
and 6.01 B.M.) corresponding to an octahedral geometry. The 
negligible variation may be interpreted in terms of 
intermolecular magnetic interaction. The electronic spectra 
-1 "i 
of the complexes exhibit bands at 20,720 cm , 21,230 cm 
and 17,240 cm , 18,600 cm corresponding to the 
4 6 , 4 6 transitions T^ -^— A^  and T, «—A, respectively with a 2g Ig Ig Ig ^ ^ 
charge transfer phenomenon at 37,370 cm and 36,360 cm to 
support an octahedral geometry for the complexes. 
The octahedral,tetrahedral and square planar complexes 
of Cu(II) have similar magnetic moment values. The magnetic 
moment values for Cu(II) complexes (1.79 and 1.81 B.M.) are 
in close agreement to the values reported by Barclay and 
coworkers for similar square planar complexes. The 
2 2 2 2 
characteristic transitions, A, -«J • B, and E < B. 
Ig Ig g Ig 
are the additional evidence for a square planar geometry of 
the complexes. 
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CHAPTER III 
(i) 1,3-(5-CHLORO-2-HYDROXYPHENYL)PHENYL METHYLENE AMINO) 
PROPANE (Lr). 
(ii) 1,2-(5-CHLORO-2-HYDROXYPHENYL)PHENYL METHYLENE AMINO) 
ETHANE (Lr), 
(HI) 2<5-CHLORO-2-HYDROXYPHENYL)PHENYL METHYLENE AMINO) 
PYRIDINE. (|_ ) 
SOME TRANSITION METAL COMPLEXES OF 
1,3-(5-CHLORO-2-HYDROXYPHENYL)PHENYL METHYLENE AMINO) 
PROPANE (Lr), 
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EXPERIMENTAL 
Materials and methods 
Anhydrous aluminium chloride, benzoyl chloride, 
4-chlorophenol (Aldrich) and propanediamine, trasition metal 
chlorides (BDH) were used as received. Ethanol was 
distilled over CaCO , Iodine and Magnesium. 
Synthesis of 5-Chloro-2-hydroxybenzophenone (CHBP) 
The CHBP was prepared by literature method"^ '^^  
Anhydrous aluminium chloride (0.1 mol, 13.0 g) was placed in 
a 2L-round bottom flask and heated to about 50°C and then 
benzoyl chloride (0.1 mol, 14 mL) was added. 4-chlorophenol 
(0.1 mol, 13.0 g) in portions was added to the reaction 
mixture which rapidly becomes hot evolving the fumes of HCl. 
The flask was then heated to about 180°C for 40 minutes and 
then allowed to cool at room temperature. Hydrochloric acid 
(5%, 1.5 mL) was then poured into the flask and was allowed 
to stand for 24 h. The hydrochloric acid was then decanted 
from the flask and the yellow solid was washed twice with 
water and then dried in vacuo. It was recrystallized from 
hot ethanol. (M.P. 94°C) (Yield. 77%). 
84 
Synthesis of free Schiff base ligand 1,3-(5-chloro-2-hydroxy 
phenyl)phenyl methylene amino) propane (L_) 
A mixture of 1,3-diaminopropane (1 mmol, 0.08 mL) and 
5-Chloro-2-hydroxybenzophenone (2 mmol, 0.46 g) in ethanol 
(25 mL) was refluxed for 1 h. The contents were then cooled 
and acidified with HCl till it attained a pH of 3.5 and 
afforded a white precipitate. It was washed with ether and 
recrystallized from absolute ethanol. (M.P. 104°C) 
(Yield. 78%). 
Synthesis of the complexes of (L_) 
D— 
The metal chloride (1 mmol) in ethanol was added to 
Schiff base (1 mmol, 0.042 g) in the same solvent and 
refluxed for 2 h. On cooling this mixture a precipitate was 
obtained, which was filtered ^  washed with absolute ethanol 
and dried in vacuo. Since the complexes were insoluble, 
they could not be crystallized. Melting points, yields and 
analytical data of the complexes are summarized in 
Table-XIII. 
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RESULTS AND DISCUSSION 
Typical complexes of transition metal chlorides with 
asymmetrical Schiff base derived from the condensation of 
5-chloro-2-hydroxybenzophenone with propanediamine, have 
been synthesized. The melting points, yields and analytical 
data of the complexes are summarized in Table~XIII. Only 
Cu(II), Co(II), Fe(III) and Cr(III) complexes are soluble in 
DMSO. The molar conductance values of the complexes in DMSO 
reveal that compounds of bivalent metal ions are non 
electrolyte while the compounds of trivalent metal ions are 
1,2 1:1 electrolyte in nature 
IR Spectra 
The two bands in the IR Spectrum of the free Schiff 
base ligand L (Fig .20 ) at 3400 and 1660 cm are 
31 
assigned to V(OH) and V(C=N) respectively. In case of 
Mn(II), Co(II), Fe(III), Cr(III) Ni(II) and Zn(II) complexes 
the broad /^'(OH) and V(C=N) undergo a negative shift about 
50-200 cm" . Consequently, )J (C-0) at 1160 cm in the 
free ligand is also shifted to 1166-1187 cm region 
32 33 indicating the coordination of oxygen atoms ' . From the 
I,R/ spectra of antipyrine and its derivatives, Donia and 
86 
F i g . 20 
N 
o^lN 
M=Cu(II) 
Fig. 21 
87 
o-// 
M = M n ( I I I ) , C o ( I I ) , N i ( I I ) a n d Z n ( I I ) 
CI 
M = F e ( I I I ) . a n d C r ( I I I ) 
F i g . 21 
88 
34 
coworkers have shown that enolimme to ketoenamine 
tautomerisation occurs during complex formation causing loss 
of V(OH) and emergence of V'(NH) (Table-XIV). We have also 
made similar observation in the case of Cu(II) complex. It 
also shows a sharp peak at 3200 cm and 1620 cm due to 
V (NH) and ViC-0) respectively. It is tentatively ascribed 
34 to the rearrangement of the protons (Fig. 21 ) . A strong 
evidence of the binding of oxygen atom of the ligand is 
provided by the appearance of a new band in (480-530) cm 
region assigned to (M-0) stretching vibrations. The 
intensity of )/(M-N) generally depends on the type of the 
ligand to which nitrogen atom is attached. In 
metal-hydrazine complexes for instance it occurs in 306-440 
-1 7 
cm region. In the present work the ^ (M-N) has been 
observed approximately in the same region (400-430 cm ). 
The sharp bands in 270-310 cm region in Cu(II), Ni(II) 
Co(II), Mn(II), Zn(II), Cr(III) and Fe(III) are assigned to 
15 y (M-Cl) vibrations 
Magnetic moment and Reflectance spectra 
The solid state electronic spectrum of Ni(II) complex 
shows the characteristic bands at 12,640 cm , 16,940 
cm" and 25,730 cm corresponding to tlie transitions 
89 
^T (F) -S ^^ A„ (F), ^ T^ (F) < ^A^ (F) and ^T, 
2g 2g Ig 2g Ig 
3 3 6 
(P) -^ A (F) respectively which are indicative of an 
zg •' 
octahedral geometry around the metal ion. The room 
temperature magnetic moment value is slightly higher than 
that calculated for two unpaired electrons (2.83 B.M.), but 
29 is xn agreement with the values reported hy Nanda and Das 
for the similar octahedral complexes. 
In the case of Mn(II) ion the assignment of a 
particular geometry is difficult only on the basis of 
magnetic moment. The /Xeff value (Table-XV) is very close 
to the spin only value (5.92 B.M.) for the five unpaired 
electrons with an octahedral geometry. The bands at 17,130 
cm , 24,110 cm and 30,660 cm have been assigned to 
4 6 4 6 
transitions T, (G) -<? A, , T^ (G) € A, and 
Ig Ig 2g Ig 
4 6 
E (D) 'S A respectively'which support the above 
geometry 
Although the value (5.44 B.M.) is comparatively lower 
than calculated (5.92 B.M.) for a high spin Fe(III) ion it 
is consistent with the six coordinated Fe(III) complex. The 
deviation from the calculated value may be ascribed to the 
presence of intermolecular antiferromagnetic exchange 
interaction. On the basis of magnetic moment value and 
90 
• 12 
electronic spectra a distorted octahedral geometry has 
been proposed for Fe(III) complex. 
The reflectance spectrum of the Cu(II) ion exhibits one 
-1 37 2 2 band at 13,420 cm assigned to the transition T^ <: E 2g g 
characteristic of an octahedral geometry around the metal 
ion. The magnetic moment value (1.91 B.M.) is also in 
agreement with spin only value and support the proposed 
geometry for the Cu(II) complex. 
The reflectance spectrum of Co(II) ion shows the bands 
at 11,810 cm" , 17,540 cm~ and 20,000 cm" assigned to 
4 4 4 4 4 
T^ (F) :^ T^  (F), A„ (F) < T^  (F) and T^  2g ^ Ig 2g Ig Ig 
4 (P) ^  T (F) respectively, with a charge transfer at 
26,310 cm , suggesting an octahedral geometry around the 
metal ion, which is further confirmed by their magnetic 
moment value given in Table-XV. The -^eff for Cr(III) ion 
(3.90 B.M.) is very close to the theoretical value (3.87, 
39 
B.M.) corresponding to an octahedral geometry. The 
electronic absorption bands also appear in the prescribed 
region (Table-XV). 
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SOME TRANSITION METAL COMPLEXES OF 
1,2-(5-CHLORO-2-HYDROXYPHENYL)PHENYL METHYLENE AMINO) 
ETHANE (Lr). 
95 
EXPERIMENTAL 
Materials and methods 
Ethylenediamine and transition metal chlorides (BDH) 
.were used as received. Ethanol was distilled over CaCO , 
Iodine and Magnesium. 
Synthesis of 5-Chloro-2-hydroxybenzophenone (CHBP) 
Synthesis of CHBP was carried out as described earlier. 
Synthesis of free Schif f base ligand 
1, 2- ( 5-Chloro-2-hydroxyIpheny 1)phenyl methylene amino) 
ethanejL ) 
Ethylenediamine (1 mmol, 0.066 g) was added to an 
ethanolic solution (25 mL) of 5-Chloro-2-hydroxybenzophenone 
(CHBP) (2 mmol, 0.467 g) and refluxed for about 3-4 h on a 
water bath. It yielded an orange precipitate on 
acidification with HCl. The yellow precipitate thus 
obtained was filtered, washed with ether and then 
recrystallized with absolute ethanol. (M.P. 115°C) 
(Yield. 60%). 
96 
Synthesis of the complexes of (L ) 
6— 
The complexes were prepared by refluxing for 2-3 h an 
equimolar mixture of metal chlorides (1 mmol) and free 
Schiff base (1 mmol) in 25 mL absolute ethanol. The 
precipitated complexes thus obtained were filtered, washed 
with absolute ethanol and dried in vacuo. Melting points 
yields and analytical data are summarized in Table-XVI. 
97 
RESULTS AND DISCUSSION 
The interaction between the first row transition metal 
chlorides and Schiff base derived from the condensation of 
5-chloro-2-hydroxybenzophenone (CHBP) and ethylenediamine 
yielded complexes in 1:1 molar ratio. They are stable 
towards heat and moisture and are insoluble in common 
organic solvents, except for Cr(III) and Fe(III) complexes 
1 2 
which dissolves in DMSO and are 1:1 electrolyte ' the 
insolubility and high decomposition temperature of the 
complexes point to their polymeric nature. 
IR Spectra 
The free Schiff base L^ is capable of undergoing 
o 
keto-enol tautomerism in the presence of metal. It has been 
observed in the case of Cu(II) complex that "OCOH) is lost 
and v)(N-H) appears* at 3229 cm indicating that complexation 
34 is followed by the rearrangement of the Schiff base to 
keto form (Fig. 23). Similar rearrangement during the 
formation of transition metal complexes with Schiff base 
derived from antipyrine and Salicylaldehyde has also been 
34 
reported by Donia and coworkers . However when Co(II) and 
Ni(II) are complexed with the Schiff base OH frequency is 
lost. 
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The y(C=N) band of the free Schiff base L, at 1640 
5 
cm is shifted by about 30-40 cm to the lower wave number 
in the spectra of Co(II), Ni(II), Mn(II), Zn(II), Fe(III) 
and Cr(III) complexes indicating that the nitrogen atom of 
40 the C=N group is strongly coordinated to the metal . The 
V (C-0) at 1170 cm is also shifted to higher wave number 
region (Table-XVII) due to the coordination through oxygen 
32 33 
atom ' . A broad peak assigned toyCOH) in Mn(II), Zn(II), 
Fe(III) and Cr(III) complexes is negatively shifted as 
compared to the free Schiff base L (Table-XVII) due to the 
coordination of OH group. 
The far IR spectra of the complexes also show the sharp 
peaks in 500-520 and 420-490 cm region, which may be 
41 
assigned to VCM-O) and );(M-N) vibrations respectively. 
Similarly the peaks occurring in 290-315 cm region in case 
of Mn(II), Cu(II), Zn(II), Cr(III) and Fe(III) complexes are 
41 
assigned to ^(M-Cl) vibration respectively 
Magnetic moment and Reflectance spectra 
The reflectance spectrum of Cu(II) shows the absorption 
2 2 
, , ^ -, r -,«o "1 T„ <: E in addition t.o a' weak 
band at 15,300 cm 2g g 
band assigned due to the spin forbidden transition. The 
102 
37 
magnetic moment value (1.79 B.M.) suggest it to have an 
octahedral geometry around the metal ion, as has been 
reported in several other similar Cu(II) complexes. 
The Mn(II) complex also has an octahedral geometry 
similar to that proposed for Cu(II) complex. The 
characteristic electronic spectral values summarized in 
Table-XVIII and the magnetic moment value (5.75 B.M.) are 
42 
also consistent with the proposed octahedral geometry of 
the complex. 
The band position in the case of Ni(II) ion at 16,430 
cm assigned to the transition T (P) < T (F) with 
an intense charge transfer band at 33,330 cm . The observed 
2 8 
magnetic moment value (3.35 B.M.) is consistent with the 
value reported for the other tetrahedral complexes. The 
slight deviation from the calculated value is due to the 
spin exchange interaction between the two S=l states. 
In the case of Co(II) complex the observed magnetic 
moment value (4.60 B.M.) is close to that expected for a 
15 
tetrahedral geometry . The reflectance spectra exhibit 
-1 4 4 
band at 16, 510 cm attributable to T (P) < A (F) 
transition followed by a weak shoulder at 16, 830 cm due 
to spin orbit coupling around the metal ion. 
103 
The -^ff value (5.60 B.M.) for Fe(III) complex and its 
electronic spectrum are consistent with an octahedral 
geometry around the metal ion, in the high spin state. In 
the solid state electronic spectra the bands at 16, 870 
cm , 23, 440 cm and 28, 650 cm are assigned to 
4 6 4 6 4 6 
T- ( G ) ^ A- , T„ (G) <: A^ and T„ {D)< A_ 
Ig Ig 2g Ig 2g Ig 
transitions respectively with a charge transfer band 
occurring at 36, 770 cm 
The Cr(III) complex does not show much variation in the 
magnetic moment value as compared to the spin only value 
(3.87 B.M.) assigned for an octahedral geometry around the 
metal ion. The observed magnetic moment value (3.84 B.M.) 
and characteristic absorption bands summarized in 
Table-XVIII suggest an octahedral geometry around the metal 
. 13 ion 
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SOME TRANSITION METAL COMPLEXES OF 
2(5-CHLORO-2-HYDROXYPHENYL)PHENYL METHYLENE AMINO) 
PYRIDINE (I ) 
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EXPERIMENTAL 
Materials and methods 
2-Aminopyridine and transition metal chlorides (BDH) 
were used as received. Ethanol was distilled over CaCO , 
Iodine and Magnesium. 
Synthesis of 5-Chloro-2hydroxyben2ophenone (CHBP) 
Synthesis of CHBP was carried out as described earlier. 
Synthesis of free Schif f base ligand 
2-( 5-Chloro-2-hydroxyphenyl)phenyl methylene amino)pyridine 
2-Aminopyridine (2 mmol, 0.188 g) was added to an 
ethanolic solution (25 mL) of 5-chloro-2-hydroxybenzophenone 
(2 mmol, 0.4 6 g) and was refluxed for about 2 h on a water 
bath. On acidification with cone. HCl in cold condition an 
orange coloured product was obtained, which was filtered, 
washed with ether and recrystallized with absolute ethanol. 
(M.P. 80°C) (Yield. 66%). 
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Synthesis of the complexes of (L ) 
The complexes were prepared by refluxing the metal 
chloride solution (10 mL ethanol) with the solution of the 
Schiff base (15 mL ethanol) in 1:1 molar ratio. On cooling, 
the precipitated complexes were filtered, wasKed with 
absolute ethanol and dried in vacuo. Melting points, yields 
and analytical data are summarized in Table-XIX . 
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RESULTS AND DISCUSSION 
The free 5-chloro-2-hydroxybenzophenone molecule (CHBP) 
when reacts with 2-aminopyridine in ethanol it forms the 
free Schiff base L . Relevant IR spectra and its tentative 
assignments are given in Table-XX. Molar conductance values 
of the complexes measured in DMSO (Table-XIX) indicate that 
1 2 
all the complexes are electrolyte in nature ' . 
IR Spectra 
IR Spectra of free Schiff base L (Fig.24) and its 
complexes are summarized in the Table-XX. The peaks 
occurring at 1640 cm , 3220 and 2920 cm region in the 
cas-^ of free Schiff base L are assigned to V(C=N), V(OH) 
34 
and }J (C-H) aromatic vibrations respectively . The lower 
value of y(OH) shows the presence of hydrogen bonding in 
the free Schiff base molecule. 
In case of free Schiff base L the loss of water 
molecule causes the replacement of carbonyl group of CHBP 
molecule by NH group of pyridine molecule, which results 
the formation of C=N bond. The appearance of \J (NH) at 
3300 cm and 3280 cm in the complexes shows the enolimine 
34 to ketoenamine conversion which also favours the 
I l l 
CI 
F i g . 2 4 
CI 
M - C r ( I I I ) , M n ( I I ) , F e ( I I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( I I 
F i g . 2 5 
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participation of carbonyl group in the coordination. 
Consequently the reaction of the free Schiff base L to 
metal occurs in keto form. The V (C=0) and "i^ C-N) bands 
occurring at 1600 cm and 1390 cm in the spectra of free 
Schiff base L are shifted to lower wave number region 
The strong evidence regarding the binding of the free ligand 
through oxygen and nitrogen has been provided by the 
appearance of the new bands at 520-580 cm and 410-470 cm 
region assigned to V (M-0) and y(M-N) vibrations 
respectively 
Magnetic moment and Reflectance spectra 
The solid state electronic spectra of the complexes are 
summarized in Table-XXI. 
The room temperature reflectance spectrum of the Ni(II) 
complex shows the three bands assignable to the 
transitions ^T^ {F) < ^A„ (F), ^T^ (F) < .^ A„ (F) 
2g 2g Ig 2g 
3 3 
and T, (P) -^ • A^ (F) respectively characteristic for Ig 2g 
an octahedral geometry around the metal ion. The room 
temperature magnetic moment value (3.10 B.M.) is also in 
consonance with the proposed geometry of the complex. 
113 
The solid state reflectance spectrum and the magnetic 
moment value (Table-XXI) for the Co(II) complex are 
O Q 
consistent for an octahedral geometry around the metal 
ion. 
The Mn(II) complex shows the characteristic bands at 
18,750 cm , 20,830 cm and 28,390 cm assignable to 
4 6 4 6 
transitions T, (G) -< A, , T^ (G) ^ A, and 
Ig Ig 2g Ig 
4 6 
A (G) ^  A respectively with a charge transfer band 
occurring at 37,550 cm . On the basis of these spectral 
bands and magnetic moment value given in Table-XXI an 
42 
octahedral geometry has been proposed for the complex 
The reflectance spectrum of Fe(III) complex shows the 
four bands. The band at 38,430 cm is a charge transfer 
band and others at 28,410 cm , 22,320 cm and 17,550 cm" 
4 6 4 6 
are assigned to E (D) •*= A, , T^ (G) ^  A, , and 
g Ig 2g Ig 
4 6 
T, (G) < . A, transitions respectively. The magnetic 
Ig Ig 
moment value (5.87 B.M.) and the spectral bands summarized 
44 45 
above suggest ' an octahedral geometry around the metal 
ion. 
The electronic spectrum of Cu(II) complex exhibit two 
bands at 18,310 cm and 25,640 cm The first band 
2 2 
correspond to the transition T2q"<e E while the second 
114 
band shows the charge transfer phenomenon. The experimental 
magnetic moment value (1.87 B.M.) falls in the same range as 
37 
reported for the other similar octahedral Cu(II) 
complex . 
The room temperature magnetic moment value (3.88 B.M.) 
does not show much variation from the spin only value (3.87 
B.M.) calculated for the other Cr(III) complex. On the 
basis of electronic spectral bands given in Table-XXI and 
magnetic moment value an octahedral geometry has been 
proposed for the complex. 
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CHAPTER IV 
(1) 5-ACETOXY-4(2-HRDROXY-PHENYL) 6-METHYL-1/^-DIHYDROPYRI 
-MIDINE (Ln). 
(II) SULPHOXIDE DERIVATIVE OF 5-ACETOXY-4(2-HYDROXY-PHENYL) 
6-METAL-l,^-DIHYDR0PYRIMIDINE (Lg). 
TRANSITION METAL COMPLEXES OF 
5-ACETOXY-^(2-DYDROXY-PHENYL) 6 METHYL-1,^-DIHYDROPYRI 
M I D I N E (|_ ) 
8 
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EXPERIMENTAL 
Materials and methods 
Salicylaldehyde, urea, methyl acetoacetate and 
transition metal chlorides (BDH) were used as received. 
Ethanol was distilled over CaCO , Iodine and Magnesium. 
Synthesis of ligand 5-Acetoxy-4~(2-hydroxy-phenyl)6-methyl-
,45b 
1,4-dihydropyrimidine (L„) 
o— 
The ligand (L ) was prepared by literature method 
o 
Urea (0.1 mol, 6.0g) dissolved in absolute ethanol (24 mL) 
was added to methylacetoacetate (0.1 mol, 10,5 mL) and 
heated on a water bath until the dirty white mixture turned 
yellow. A known quantity of Salicylaldehyde (0.1 mol, 10.8 
mL) was then added to it and the reaction mixture was 
refluxed for 24 h. It was cooled in an ice bath and the pH 
was adjusted between (3-3.5) by the addition of HCl, which 
afforded a yellow precipitate (Fig. 26)- It was washed 
with methanol and then dried in vacuo. It was 
recrystallized with absolute ethanol. (M.P. 80°C) (Yield. 
77%) . 
120 
Synthesis of the complexes of (L ) 
. Q— 
A mixture of L (1 mmol, 0.261 g) and the transition 
o 
metal chloride (1 mmol) in 50 mL ethanol was refluxed for 
3-4 h. On keeping this mixture for about 30 minutes at room 
temperature a precipitate was obtained which was purified by 
washing with ethanol and dried in vacuo. Melting points 
yields and analytical data are summarized in Table-XXII. 
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RESULTS AND DISCUSSION 
The ligand L reacts with transition metal chlorides inl: 1, 8 
1:2 molar ratio to form the complexes of the type-
(i) MCI- + L ?-Maj, + 2HC1 
I o 8 2 
(ii) MCl^ + L^ ^^(MI^ci^)^ 
The complexes are characterized by elemental analysis, 
IR spectra, magnetic moment and solid state electronic 
spectroscopy. The conductance of the complexes could not be 
measured because of their insolubility in common organic 
solvents. 
IR Spectra 
Pyridine thiols and pyrimidine derivatives are known to 
46 
undergo, thione-thiol tautomerism (Fig. 26 )• Since the 
ligand L^ is a pyrimidine derivative it also undergoes the 
o 
phenomenon of keto-enol tautomerism which is evidenced by 
its i.r. spectrum. The occurrence of sharp and broad peaks 
-1 -1 41 47 
at 3412 cm and 3350 cm have been assigned ' , y(NH) 
and )/'(0H) respectively, suggesting the rearrangement of the 
molecule to the enol form. 
122 
H3COOC. 
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F i g . 26 
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The V (OH) at 3350 cm is lost in the spectra of 
Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) complexes 
confirming that the complex is formed by the replacement of 
47 OH proton . In the complexes the )J (NH) shifts to lower 
wavenumber regions due to coordination to the metal ion via 
48 
nitrogen atom . The metal ions prefer to coordinate 
through the NH group at position 3 and OH group of 
salicylaldehyde bacause of the formation of a six membered 
ring, which is more stable than the four membered ring which 
could have been formed by the coordination of metal ion via 
N and 0 at position 2 and 3 respectively. Since the ^(0=0) 
remains unaltered even after chelation it is suggested that 
it is not involved in coordination. The trivalent metal 
ions formed donor acceptor type compounds without the 
replacement of OH protons from the ligand. This is 
supported by elemental analysis of chlorine content and the 
metal which is also corroborated by the IR spectra. The 
v(OH) band is shifted to lower wavenumber region in complexes 
as compared to the free ligand. The Cr(III) and Fe(III) 
complexes may achieve an octahedral geometry around the 
metal ion. 
The presence of two different intensity bands in 
Fe(III) and Cr(III) complexes at 270-290 cm and 315-320 
124 
cm are assigned to the bridging and terminal chlorine 
15 43 
atoms respectively ' . The medium intensity bands 
occurring in 440-480 cm region in all the complexes are 
41 
assigned to V(M-N) vibrations, while the peaks in 520-540 
cm region are due to 1/ (M-O) vibrations present in all the 
complexes suggesting the coordination of metal via oxygen 
41 
and nitrogen atoms 
Magnetic moment and Reflectance spectra 
The assignment of a particular geometry around the 
metal ion is difficult only on the basis of magnetic moment 
value specially in the case of Cu(II), because the magnetic 
moment in the case of a tetrahedral and a square planar 
Cu(II) complex is identical. The electronic spectral bands 
(Table-XXIV) and Jleff (1.70 B.M.) support a square planar 
geometry around the metal ion. 
There is a large variation in the magnetic moment value 
of the Ni(II) due to the presence of spin exchange 
interaction between the two S=l states. For most of the 
tetrahfc'dra.i complexes the LLett ranges from 3.35-3.60 B.M. 
In the present case the observed value (3.30 B.M.) is within 
this range but deviates from spin onlv value (2.83 
125 
B.M.) due to the orbital contribution. The absorption 
band at 16,280 cm corresponding to the transition 
3 3 
T (P) <— T (F) is in agreement with a tetrahedral 
14 geometry around the metal ion 
It is a general observation that for tetrahedral Co(II) 
complex the magnetic moment value is slightly higher than 
the calculated value (4.40-4.50 B.M.) because of spin orbit 
coupling or orbital contribution. Fortunately we have 
49 
observed a value in this observed range which implies that 
Co(II) in this case acquires a tetrahedral geometry. 
Similar tetrahedral Co(II) complexes with a little 
higher magnetic moment value have also been reported by Anten 
15 
and coworkers . The absorption bands summarized m 
Table-XXIV are an additional evidence for proposed 
^ 11 geometry 
The magnetic moment value for both tetrahedral and 
octahedral Mn(II) is identical. The appropriate geometry 
can be decided on the basis of reflectance spectrum of it 
and the colour of the complexes. The pale yellow colour of 
the Mn(II) complex and the electronic spectrum summarized in 
11 12 
Table-XXIV suggest ' a tetrahedral geometry. 
126 
An octahedral geometry has been preferred for the 
Fe(III) complex rather than a tetrahedral geometry. In the 
present case the fXeff value (5.99 B.M.) is in agreement to 
45 
an octahedral geometry around the metal ion . A negligible 
variation from the spin only value (5.92 B.M.) may be 
interpreted in terms of intermolecular magnetic interaction. 
The electronic spectra exhibit the bands at 27,470 cm , 
23,140 cm and 17,010 cm are also indicative of an 
12 
octahedral geometry around the metal ion 
3 
The Cr(III) complex has a high spin d electronic 
configuration. The magnetic moment value in this case does 
not show any significant deviation from the spin only value 
39 (3.87 B.M.) as has been reported by Comba and coworkers 
The observed magnetic moment values- 3.79 B.M. and the 
electronic absorption bands corresponding to the transitions 
4 4 4 4 4 4 
T- {¥)<: A_ , T- (F)-f A- and T, (P)< A_ 
2g 2g Ig 2g Ig 2g 
13 
are consistent with an octahedral geometry around the 
metal ion. An intense charge transfer band is observed at 
32,810 cm , in this complex. 
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TRANSITION METAL COMPLEXES OF 
SULPHOXIDE DERIVATIVE OF 5-ACETOXY-^(2-HYDROXY-PHENYL) 
6-METAL-1/4-DIHYDROPYRIMIDINE (Lg). 
132 
EXPERIMENTAL 
Materials and methods 
Sodium hydride (80% suspension in oil), thionyl 
chloride and transition metal chlorides (BDH) were used as 
received. Ethanol was distilled over CaCO , Iodine and 
Magnesium. 
Synthesis of Sodium Salt of (5-Acetoxy-4-(2-hydroxy 
-phenyl)6-methyl-l,4 dihydro pyrimidine) 
A solution of ligand L. (20 mmol, 4 g) was dissolved 
o 
in ethanol by heating on water bath. An equimolar amount of 
sodium hydride (20 mmol, 0.48 g) was added to it and it was 
refluxed for 2-3 h. The white solid product thus obtained 
on cooling was filtered off, washed several times with ether 
and dried in vacuo. It was recrystallized in absolute 
ethanol. (M.P. 100°C) (Yield. 70%). 
Synthesis of Thionyl derivative of (5-Acetoxy-4-(2-hydroxy 
-phenyl)6-methy1 1,4, dihydro pyrimidine (L ) 
The sodium salt of the ligand was dissolved in absolute 
ethanol by heating under reflux for 3-4 h on a waterbath. 
The reaction mixture was allowed to cool in ice when a few 
drops of thionyl chloride was added to it with constant 
133 
shaking. A yellow solid was precipitated (Fig. 28 ) • It was 
filtered, washed with ether and dried in vacuo. It was 
recrystallized from hot ethanol. (M.P. 120) (Yield. 70%). 
Synthesis of the complexes of (L^) 
To an ethanolic solution of ligand L (10 mmol, 3.07 g) 
was added an equivalent amount (1 mmol) of metal chloride, 
dissolved in absolute ethanol. The solution was refluxed on 
a water bath for 3-4 h, which resulted in the formation of a 
yellow product, which was filtered, washed several times 
with absolute ethanol and dried in vacuo. Melting points, 
yields and analytical data are summarized in Table-XXV. 
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RESULTS AND DISCUSSION 
The absorption bands at 3149 cm and 3340 cm in the 
IR spectrum of ligand L_ is lost during the formation of 
o 
sodium salt of ligand L indicating that H atoms of OH and 
o 
NH groups is replaced by sodium atom. This sodium salt of 
the ligand L is further treated with SoCl„ to yield a new 
o 2 
ligand L . 
The new ligand L has been characterized by elemental 
analysis and IR spectra. 
The complexes of Cr{III), Mn(II), Fe(III), Co(II), 
Ni(II), Cu(II) and Zn(II) have been synthesized with this 
ligand. All the complexes are stable at room temperature 
and decompose at 260-300°C. The high melting point and 
insolubility in organic solvents indicates that they are 
polymeric in nature. 
IR Spectra 
The ligand L is characterized by the IR spectrum. It 
shows a large number of absorption bands to represent a 
pyrimidine skeleton as well as 8=0 group. The position and 
number of fundamental absorption frequencies observed in IR 
135 
H3COOC 
H-sC 
F i g . 28 
M = M n ( I I ) , C o ( I ] ) , N i ( I I ) , C u ( I I ) , Z n ( I I ) 
M = C r ( I I I ) , F e ( I I I ) 
F i g . 29 
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spectrum of this ligand provide the evidence ' that the 
S=0 group is present at 1027 cm and I^ (C=0) frequency is 
present at 1672 cm 
A negative shift by about 10-20 cm in the y(C=0) and 
52 y (S=0) after complexation suggests that the coordination 
is occurring through the oxygen atom of sulphur and carbonyl 
group. 
The new bands occurring in 560-400 cm region are 
41 
assigned to 2/(M-0) vibration . The different intensity 
bands occurring in 280-290 cm and 310-330 cm region in 
case of Cr(III) and Fe(III) complexes are assigned to 
15 43 bridging and terminal chlorine atoms, '' while the 
divalent metal ions show, the V(M-Cl) vibrations in 300-315 
-1 41 
cm region 
Magnetic moment and Reflectance spectra 
For most of tne low spin octahedral Ni(II) complex the 
magnetic moment value ranges from 2.9-4.2 B.M. as reported 
by Kazuya and coworkers . In the present case the observed 
magnetic moment value 3.05 B.M. supports an octahedral 
geometry around the metal ion. There are three 
characteristic absorption bands at 8,280 crn"-^^ 14,840 cm"''" 
137 
-1 3 3 
and 20,290 cm assignable to T (F) < A , (F) 
zg 2g 
•^ T, (F)< A^ (F) and T, (P)-*^ ^A^ (F) transitions 
Ig ^ 2g Ig 2g 
respectively for an octahedral geometry around the metal 
. 36 ion 
The Cu(II) complex shows two bands at 26,330 cm and 
16,210 cm which are assigned to the crystal field 
transition of Cu(II) ion, indicative of an octahedral 
37 geometry around the metal ion. The iXeff value of (1.86 
B.M.) for this complex also support the proposed 
configuration around the metal ion. 
In Co(II) complex besides a charge transfer band at 
33,410 cm there are two bands (Table-XXVII), consistent 
with an octahedral geometry around the metal ion. For most 
of tetradentate schiff base complexes the magnetic moment 
value ranges from 2.6-2.8 B.M. with a decrease in 
temperature due to the thermal depopulation of excited 
ground state. In the present case the U. ef f value 
(2.93 B.M.) at room temperature is consistent with the value 
54 
reported by Bencini et al for similar octahedral Co(II) 
complex. 
In the case of Mn(II) complex the spectrum exhibits 
three bands at 33,670 cm"^' 24,410 cm"^ and 18,660 
138 
-1 • . 4 6 
cm assigned to the transitions T. (P) < A, , 
Ig Ig ' 
4 6 4 6 
A, (G) "< A, and T. (G) < — A^, respectively. 
Ig Ig Ig Ig ^ - ^ 
The room temperature magnetic moment value (5.66 B.M.) is 
close to the spin only value (5.92 B.M.) to support an 
42 
octahedral geometry around the metal ion 
In case of Fe(III) complex the IL eft value 5.83 B.M. 
45 
suggest an octahedral geometry around the metal ion . The 
bands occurring at 33,070 cm 19,510 cm and 16,210 cm 
4 6 
corresponding to the transitions T, (P) •*- A^  
Ig Ig 
4 6 4 6 
T^ (G) -* A, and T, (G) »t A, respectively 2g Ig Ig Ig '^  -^  
are further supportive evidence for the proposed geometry 
^ ^ . • 45 
around the metal ion 
In case of Cr(III) complex the experimental magnetic 
moment value (3.78 B.M.) is consistent with the spin only 
value (3.87 B.M.) for an octahedral geometry around the 
metal ion. The electronic transition exhibited by 
reflectance spectrum summarized in Table-XXVII, lie in the 
13 ^ 
same range as prescribed by R.W. Hay and coworkers for 
the similar octahedral complexes. 
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CHAPTER V 
(i) 1,2,4,8/10/11-HEXAAZA-3,9-BIS-4PYRIDOTETRADECA-3,9,12, 
14-TETRAENE (Lig) 
TRANSITION METAL COMPLEXES OF 
1,2,4,8/10/11-HEXAAZA-3,9-BIS-4PYRIDOTETRADECA-3,9,12, 
m-TETRAENE (LJ^Q) 
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EXPERIMENTAL 
Materials and methods 
Isonicotinic acid hydrazide (Aldrich), propanediamine, 
acetylacetone and transition metal chlorides (BDH) were used 
as received. Ethanol was purified by distillation over 
CaCO , Iodine and Magnesium. 
Synthesis of free Schiff base macrocyclic ligand 
1,2,4,8,10,ll-hexaaza-3,9-bis-4pyridotetradeca-3,9,12,14-tetr 
aene (LJ^Q) 
To a solution of isonicotinic acid hydrazide (2 mmol, 
0.274 g) suspended in absolute ethanol (20 mL) was added 
propanediamine (1 mmol, 0.08 mL). The resulting mixture was 
heated on a water bath for half an hour. It was cooled and 
acidified with concentrated HCl to pH 3-3.5. After this 
acetylacetone (1 mmol, 0.103 mL) was added to this solution 
and was refluxed for 2 hours. An orange coloured 
precipitate thus obtained was centrifugedj^ washed several 
times with ether and recrystallized from ethanol. (M.P. 120) 
(Yield. 70%). 
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Synthesis of the complexes of (L 2 
The hot ligand solution (1 mmol, 0.376 g) in absolute 
ethanol and a buffer of pH 4 was added to the hot solution 
of metal chloride (1 mmol) in the same solvent (25 mL). The 
resulting mixture was refluxed for about seven hours. The 
solid thus obtained was filtered off, washed with ethanol 
and dried in vacuo. Melting points, yields and analytical 
data are summarized in Table-XXVIII, 
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RESULTS AND DISCUSSION 
The analytical data (Table-XXVIII) indicate the 
composition (ML CI ) where M=transition metal(II) 
chlorides. Molar conductances of one millimolar solution of 
-1 2 -1 
the complexes in DMSO (12.0-27.0 ohm cm mol indicate 
^^ . 1,2 
their non ionic nature 
IR Spectra 
The y (N-H) of primary amines and amides generally 
-1 5 23 
appears in 3350-3170 cm region ' . Free isonicotinic 
acid hydrazide exhibits two medium strong bands at 
3300 cm , 3115 cm ascribed to amino and amido vibrations 
respectively. The characteristic bands due to the amide 
vibrations occur at 1665 cm , 1510 cm and 1222 cm 
22 
assignable to amide I, y(C=0), amide II (due toyc-N) and 
amide III (contribution from NH bending) respectively. A 
medium strong band at 1620 cm in the spectrum of free 
isoniazid has been assigned to NH bending of primary 
amino group. In the spectra of free L molecule V (C=0) 
and ')) NH are lost while V NH persists both in free and 
complexed ligand (Fig. 31 ) . As a result of the loss of 
hydrogen bond NH stretching frequency increases about 
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100-200 cm in the complexes. The amide III band shows a 
decrease in frequency (Table-XXIX) while amide II band 
remains nearly unchanged after complexation. The V(C=C) and 
y (C=N) (pyridyl nitrogen appearing in the same region of 
25 the spectrum (Table-XXIX) and do not show any significant 
change indicating non involvement of pyridyl nitrogen in 
coordination. 
It is difficult to distinguish between y(C=N) (pyridyl 
nitrogen) and VC=N of azomethine nitrogen as they absorb in 
55 
the same region and are often coupled together 
(Table-XXIX). A variety of free Schiff bases derived from 
the condensation of primary amine and aldehyde or ketone 
show ' y (C=N) (a.zoitiethine) in 1620-1674 cm region. V 
(C=N) in the complexes has been observed at a lower wave 
number region (Table-XXIX) as compared to the free ligand 
which is due to a decrease in VC=N double bond character as 
57 
a consequence of coordination of metal ion with the 
azomethine nitrogen atom. 
The 2/ (M-N) and "VCM-Cl) vibrations generally occur in 
200-650 cm region. y(M-N) vibrations have been located in 
the higher wave number region although these are weaker than 
y (M-Cl) . '^^ (M-NI depends on the type of the ligand to which 
148 
nitrogen atom is attached. In case of hydrazine complexes 
— 1 fi 
y(M-N) occurs in (306-440) cm region . The appearance of 
-1 7 
new bands in (430-440) cm region are assignable to V 
(M-N) in the spectra of Schiff base macrocyclic complexes. 
The additional strong bands occurring in 230-250 cm region 
are assigned to V(M-Cl) vibrations (Table-XXIX). 
H NMR Spectra 
The H NMR spectra of the free L molecule shows 
significant changes after coordination (Table-XXX). In the 
case of Schiff base macrocyclic complexes a sharp triplet at 
^1.89 is due to the methyl protons at 12 and 14 positions. 
There are three types of magnetically nonequivalent CH 
protons which absorb in different region of NMR Spectra. The 
methylene protons at 5 and 7-positions are observed as a 
sharp triplet centered at §2.87 (Table-XXX). A sharp 
quintet at ^2•5 is due to the presence of methylene protons 
at 13 position while methylene protons at 6 position exhibit 
a sharp upfield triplet (Table-XXX). Aliphatic and cyclic 
2 2 
NH protons absorb in S3.0- 0.5 range . Since the NH 
protons at position 2 and 10 are in the same environment 
they show a broad singlet at §2.1 in macrocyclic complexes. 
Phenyl ring protons are observed as a sharp doublet at 
149 
^8.094 and ^8.075 (Table-XXX) 
Magnetic moment and Electronic spectra 
The spin only value is 5.92 B.M. for an octahedral 
Mn(II) environment with A, ground term. The weak bands 
Ig 
at 17,240 cm , 19,230 cm and 22,700 cm are assigned to 
T^ (G) < A, and "^ A, (G) * A, (Table-XXXI) 
Ig Ig Ig Ig 
transitions respectively, also support the above geometry. 
Magnetic moment of Co(ID complex with tetradentate 
Schiff base has been found to vary over a range of 2.6-2.8 
B.M. with decrease in temperature which has been ascribed to 
eg 
the thermal depopulation of excited quartet spin states 
54 Similar observation has also been made by Bencini et al on 
a hexanuclear octahedral cluster of Co{II). However, we 
could not measure the -Ueff at lower temperature but the 
value at room temperature is consistent with above findings 
(Table-XXXI) . 
It has been observed that variation in magnetic moment 
of Ni(II) between (2.7-3.1 B.M.) range is an indication of 
29 
spin exchange interaction between two S=l states . Mockler 
59 
and coworkers have noted that X«-eff of (3.0-3.5 B.M.) is 
characteristic of high spin Ni(II) complex with an 
150 
octahedral geometry. In the present work the Jleff for 
Ni(II) complex is well within the range quoted above for an 
59 
octahedral Ni(II) complex . The electronic spectral bands 
also support an octahedral geometry around metal ion. 
A slightly higher magnetic moment in the case of Cu(II) 
complex (Table-XXXI) has been ascribed to antiferromagnetic 
interaction . The presence of only one band at 18,660 
cm , and the magnetic moment (Table-XXXI) support an 
octahedral geometry for Cu(II) complex. 
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EXPERIMENTAL 
Materials and methods 
Rare earth chlorides (May and Baker), isonicotinic acid 
hydrazide (Aldrich) propanediamine and acetylacetone (BDH) 
were used as received. Ethanol was purified by distillation 
over CaCO , Iodine and Magnesium. 
Synthesis of free Schiff base macrocyclic ligand 
1,2,4,8,10,ll-hexaaza-3,9-bis-4pyridotetradeca-3,9,12,14-tetr 
aene__(L ) 
A suspension of isonicotinic acid hydrazide (2 mmol, 
0.274 g) in absolute ethanol (20 mL) was treated with 1, 
3-propanediamine (1 mmol, 0.083 mL) and the mixture was 
heated over water bath. Acetylacetone (1 mmol, 0.103 mL) 
was added to the resulting solution and the reaction mixture 
was cooled to about -5°C maintaining the pH between 3-3.5 by 
the addition of HCl. A coloured precipitate thus obtained 
was filtered, washed several times with ether and dried in 
vacuo. It was recrystallized from absolute ethanol. (M.P. 
120) (Yield. 70%). 
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Synthesis of the lanthanide complexes of (L,f>) 
The coloured product thus obtained was dissolved in a 
mixture of ethanol and a buffer of pH 4. solution of metal 
chloride (1 mmol) suspended in absolute ethanol was added to 
it and refluxed for 3-4 h. It was allowed to cool at room 
temperature. The coloured product thus obtained was 
centrifuged, washed with ethanol and dried in vacuo. Melting 
points, yields and analytical data are summarized in 
Table-XXXII. 
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RESULTS AND DISCUSSION 
The analytical data (Table-XXXII) conform to the 
composition (ML Cl where M=Ce(III), Pr(III), Dy(III), 
SmdII), Gd(III), andNddll). 
Molar conductances of 1 mmol solutions of the 
-1 2 -1 
complexes in DMSO (12.0-14.0 ohm cm mol ) indicate their 
1/2 
non-electrolytic nature 
IR Spectra 
Isonicotinic acid hydrazide exhibits strong bands at 
1664, 3280 and 1633 cm" due to ^ (€=0) , y(N-H) and NH 
stretching frequencies ' . When it reacts with 
acetylacetone and propanediamine, the V(C=0) and amino 
V(N-H) bands disappear. Consequently the y N-H (amide) 
increases by about 300 cm (Fig. 32) • The free L molecule 
^ 10 
is known to exhibit ' a sharp band in the 1620 cm which 
undergoes a negative shift by about 10-20 cm on chelation 
with metal ions due to the reduction in electron density on 
the azomethine nitrogen . In the present work the 
macrocyclic metal chelates exhibit bands in the 1580-1590 
-1 25 
cm region which indicate the coordination of lanthanide 
ions via the azomethine nitrogen. Absorptions arising from 
159 
NH^Cg C5H4N 
M = C e ( I I I ) , P r ( I I I ) , N d d l l ) , S m ( I I I ) , G d ( I I I ) , D y ( I I I 
F i g . 32 
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aromatic and aliphatic C-H stretching do not undergo any 
significant change on coordination of the ligand. The far 
i.r. spectra of the complexes show intense 
— 1 16 
halogen -sensitive absorptions in the 350-380 cm region 
The bands at 299,305 and 390 cm are assigned to (M-N) 
stretching vibrations. Bands in the 600-400 cm region are 
25 
assigned to in-plane ring deformations NH rocking and C-C 
out-of-plane modes, respectively. 
Magnetic moment and Electronic spectra 
Except for La and Lu ions, which are 4f and 4f 
type respectively, all the Ln ions are paramagnetic. The 
magnetic moments of the complexes show very little deviation 
19 from van-Vleck values indicating little participation of 
the 4f electrons in bond formation (Table-XXXIV). The 
slightly higher values observed for the Sm(III) complex may 
be due to a temperature dependant magnetic moment 
Intraligand transitions have been noted below 380 nm. The 
sharp internal f-f transitions originating from the 4f 
configurations of the lanthanide ions are influenced by 
complexation. The bathochromic shifts of the hypersensitive 
bands have been used to calculate the nephelauxetic ratio 
21 (p) where p = ( V complex/Vaquo) . The bonding parameter 
161 
1/2 (b ) and Sinha metal ligand covalency parameter ( g%) have 
been calculated (Table-XXXIV). The positive values of the 
1/2 bonding parameters (b ) and Sinha's parameter ( S %) 
indicate a moderate covalent character of the bond between 
the metal and ligand. 
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CHAPTER VI 
(1) 1/^/8/11-TETRAAZAGYCLOTETRADECA-5,7,12/14-TETRAM-
ETHYL-2,3,9,10-TETRATHIONE(L-|I) 
TRANSITION METAL COMPLEXES OF 
1,4,8/11-TETRAAZACYCLOTETRADECA-5/7,12/14-TETRAM-
ETHYL-2/3/9,10-TETRATHIONE (L^^^ • 
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EXPERIMENTAL 
Materials and methods 
Dithiooxamide, acetylacetone and transition metal 
chlorides (BDH) were used as received. Ethanol was 
distilled over CaCO,Iodine and Magnesium. 
Synthesis of free Schiff base macrocyclic ligand 1^4,8, 11-
Tetraazacyclotetradeca-5,7,12,14-tetramethyl-2,3,9,IQ-tetrath-
ione (L-.,) 
A mixture of acetylacetone (2 mmol, 0.216 mL) and 
dithiooxamide (2 mmol, 0.240 g) in 50 mL ethanol was 
refluxed for 2 h and then cooled. The pH of the mixture 
was adjusted between 3.0-3.5 by the addition of HCl and was 
kept in a refrigerator which afforded the macrocyclic Schiff 
base after 2 days. It was washed with ether and 
recrystallized from ethanol. (M.P. 115°C) (Yield. 70%). 
Synthesis of the complexes of (L ^ 
The macrocycle was dissolved in a mixture of ethanol 
(25 mL) and a buffer of pH 4 under reflux for 24 h. A hot 
ethanolic solution (25 mL) of metal chloride was then added 
166 
and further refluxed for 3-4 h when the precipitate began to 
appear and settled completely on cooling the contents. The 
complexes were washed with ethanol and dried in vacuo. The 
melting points, yields and analytical data are summarized in 
Table-XXXV. 
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RESULTS AND DISCUSSION 
The elemental analyses of the macrocycle and its 
complexes are given in Table XXXV. The chelates of only 
Cr(III), Fe(III), Co(II) and Cu(II) are soluble in DMSO. The 
molar conductance for Cu(II) and Co(II) complexes are too 
1/ 2 low indicating their non-ionic nature ' while those of 
Cr(III) and Fe(III) complexes are 1:1 electrolyte in DMSO. 
IR Spectra 
The dithiooxamide undergoes thione-thiol 
1 8 
tautomerism (Fig. 33 ). From the occurrence of the four 
thioamide bands (at 1500 cm j 1340 cm ; 1107 cm , and 713 
cm ) it is ascertained that it exists in thione form and 
continues to persist in this form in the Schiff base 
macrocycle. The free L molecule exhibits a medium 
intensity band at 3220 cm which is the characteristic of 
43 imino group . It has been ascribed to the electronic 
rearrangement within the molecule which has also been 
64 
reported by Moulding in similar other molecules. The V 
(N-H), y (C=N) and •>'(C-N) have been found to be shifted 
after complexation as a consequence of the formation of 
metal-ligand bond and reduced electron density. The '\) (C=S) 
168 
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coupled with ']) (C-N) occurring at 1134 cm in the free 
ligand, also undergoes a negative shift. 
The sharp bands occurring in 300-400 cm region are 
35 
assigned to )) (M-N) and y (M-Cl) vibrations respectively 
The bands appearing at 315 cm , 310 cm and 300 cm are 
assigned to "}) (Cr-Cl), V(Zn-Cl) and 2^  (Mn-Cl) vibrations 
respectively. The medium intensity bands appearing in 
-1 41 
450-480 cm are assigned tol^(M-N) vibrations. The ligand 
thus acts as N chelating agent, bonded through all the four 
nitrogen atoms to the metal ions. 
Magnetic moment and Electronic spectra 
The magnetic moment value (1.78 B.M.) for Cu(II) 
complex is consistent with an octahedral structure. The 
slight deviation from the spin only value is due to the 
presence of antiferro-magnetic exchange interaction in the 
-1 37 
complex. The broad band observed at 17,250 cm assigned 
2 2 
to the transition T^ •^  E also points to an 2g g ^ 
37 
octahedral geometry for the metal ion 
For Co(II) complex in general, the magnetic moment has 
been used as a criterion to determine the type of 
coordination around the metal ion. Due to the intrinsic 
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orbital angular momentum in the ground state there is 
consistently a considerable orbital contribution and 
effective megnetic moment lies between 4.7-5.2 B.M. at room 
49 temperature . In the present case the jUeff (4.86 B.M.) 
suggests an octahedral geometry for Co(II) complex in the 
high spin state. The deviation from spin only value (3.83 
B.M. ) may be ascribed to the spin orbit coupling. The 
3 8 
characteristic absorption bands (Table XXXVII) and pink 
colour of the complex are supporting evidence for the 
proposed geometry. 
The large variation in the calculated magnetic moment 
value of 2.9-3.4 B.M. for a high spin Ni(II) complex depends 
on the magnitude of orbital contribution. The Keff (3.01 
B.M.) in the present work is within the range expected for 
similar hexacoordinated Ni(II) complex which is also 
supported by the colour and electronic absorption bands 
summarized in Table-XXXVII. 
The jJL ef f of Fe complexes have been shown to be 
temperature dependant and the values are generally 
45 intermediate between high and low spin states . Since the 
magnetic moments have been measured only at room temperature 
no comment on the temperature dependence of the U eff value 
172 
is possible. However, the electronic spectral bands 
(Table-XXXVII) are in consonance with an octahedral 
geometry. 
The assignment of a particular geometry, in the case of 
Mn(II), only on the basis of magnetic moment value is 
difficult. The characteristic electronic transitions 
4 6 4 6 12 
A, < A, , T, «f A, suggest an octahedral 
Ig Ig Ig Ig ^ 
geometry around the metal ion. However, JJLeff value (6.11 
5 
B.M.) also lies in the range expected for a high spin d 
complex with this geometry. 
The magnetic moment for Cr(III) does not show much 
variation from spin only value. In the present case it is 
(3.81 B.M.) close to that for a high spin octahedral 
13 
complex . The absorption bands occurring at 15,090 
cm and 27,690 cm corresponding to the transitions 
"^ T^  (F) < '^ A^  (F) and '^ T. (F) < "^ A^  (F) provide 
2g 2g Ig 2g 
39 
additional evidence for the proposed geometry . The high 
lOD value in case of Cr(III) shows maximum stability of 
q 
this complex although the high value of p indicates a low 
degree of covalency between the metal ligand bond. 
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LANTHANIDE COMPLEXES OF 
1,4,8,11-TETRAAZACYCLOTETRADECA-5/7,12/1^-TETRAM-
ETHYL-2/3/9,10-TETRATHIONE (LJI ). 
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EXPERIMENTAL 
Materials and Methods 
Dithiooxamide, acetylacetone and lanthanide metal 
chlorides (BDH) were used as received. Ethanol was 
distilled over CaCO , Iodine and Magnesium. 
Synthesis of free Schiff base macrocyclic ligand 
1,4,8/ll-Tetraazacyclotetradeca-5,7,12,14-tetramethyl-2,3,9, 
10-tetrathione (L )_ 
Synthesis of ligand L was carried out as described 
earlier. 
Synthesis of the lanthanide complexes of (L )_ 
The free macrocyclic ligand L was dissolved in a 
mixture of ethanol (25 mL) and a buffer of pH 4 under reflux 
for 24 h. The solution of metal chloride suspended in hot 
ethanol (25 mL) was then added and further refluxed for 3 h. 
The solid products thus obtained on cooling- were filtered 
off, washed with ethanol and dried in vacuo. The melting 
points, yields and analytical data of the complexes are 
summarized in Table-XXXVIII. 
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RESULTS AND DISCUSSION 
The condensation reaction of dithiooxamide with 
acetylacetone in ethanol in presence of HCl gave rise to the 
ligand L^^ (Fig 34 ). 
The ligand reacts with Cedll), Pr(III), Sni(III), 
Gd(III), Dy(III), Er(III) and Nd(III) in a 1:1 molar ratio 
to form the complexes of general formula ^ ^T 1 ^1 . The 
elemental analyses of the complexes are given in 
Table-XXXVIII. Only Pr(III) and Ce(III) complexes are 
soluble in DMSO. The low molar conductance values of the 
complexes measured in DMSO indicate their non — ionic 
nature 
IR Spectra 
The IR spectrum of the free dithiooxamide molecule does 
-1 . . 65 
not show any band in the range 2600-2500 cm indicating 
the absence of y (S-H) and that in the solid state it mainly 
exists in thione form. The appearance of four thioamide 
bands at 1500 cm , 1340 cm , 1120 cm and 713 cm 
further indicates that the ligand undergoes the 
18 
thione - thiol tautomerism ofy(H-NC=S) group . A broad 
band at 3280 cm along with two shoulders at 3320 cm and 
179 
— 1 18 
3260 cm are assigned to (N-H) and (N-H) 
^ sym asym 
vibrations. The condensation reaction of dithiooxamide 
molecule with acetylacetone causes the removal of the H 
atom of dithiooxamide molecule by the carbonyl group of 
acetylacetone, which results in the appearance of a weak 
— 1 18 
band at 1644 cm assigned to y (C=N) vibration . The 
occurrence of a sharp peak in 3220-3300 cm due to y (N-H) 
in all the complexes indicates that the rearrangement of the 
electrons causes the shifting of H atom of CH group towards 
64 N atom, as reported by Moulding and coworkers 
. The V (N-H) 
y (C=N) and ")) (C-N) are also shifted to lower frequency 
(30-40 cm ) indicating that the N atom of the azomethine 
18 linkage is strongly coordinated to the metal ion 
The coupled vibration due to y(C=S) + y(C-N) 
appearing in the ligand L at 1134 cm is also shifted 
negatively due to the decrease in the electron density on 
the nitrogen atom after chelation. 
The new bands occurring in 310-400 cm region are 
assigned to yj (Ln-N) and •y(Ln-Cl) vibrations 
18 
respectively . There is not much difference in Ln-N and 
Ln-Cl stretching vibrations as they occur nearly in the same 
region of spectrum. The lanthanide-halide stretching 
180 
vibrations have the greater intensity than the 
lanthanide-nitrogen vibrations. The medium intensity bands 
occurring at 400-350 cm region are assigned to l^(M-N) 
vibrations while the sharp peaks in 310-350 cm region are 
18 due to|;(Ln-Cl) vibrations respectively 
Magnetic moment and Electronic spectra 
The electronic spectra of the complexes display the 
intraligand transitions below 380 nm. The complexation of 
the lanthanide ions with the ligand causes significant 
changes in the position of absorption bands due to the 
origin of f-f transitions within 4f configuration of 
lanthanide ions. The electronic absorption bands summarized 
in Table-XL appear due to the transitions from ground state 
to the excited J level of 4f configuration. The presence of 
interelectronic repulsion between the 4f electrons due to 
the effect of crystal field causes the slight variation in 
the position of absorption bands. The nephelauxetic ratio 
p, covalency parameter ^ % and bonding parameter hh are 
21 
calculated by using the standard procedures . The values 
of B, which are less than unity, and the positive values of 
181 
^ %, p and bh support the covalent nature of metal ligand 
bond. The magnetic moment values of the complexes show a 
very little deviation from van-Vleck value indicating little 
19 participation of the 4f electrons in bond formation 
J 
M-Ce(III),Pr(III),Nd(III),Sm(III),Gd(III),Dy(III),Er(III 
Fig. 36 
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PHYSICAL MEASUREMENTS 
The elemental analyses in all the cases were carried 
out with a Thomas and Caleman analyser, Carlo-Erba 1106. 
ft ft 
Chlorine and sulphur were estimated gravimetrically . The 
metals were estimated by complexometric titration against 
fi 7 
EDTA . Diffuse reflectance spectra were recorded on a 
Carl-Zeiss VSU-2p Spectrophotometer. IR Spectra were 
recorded in KBr and Nujol in 4000-200 cm region on a 
Perkin Elmer grating spectrophotometer model 621 and Far IR 
Bomem Michelson-120. H NMR spectra in DMSO(d ) were 
6 
Obtained on a Varian VXR-200 MHz FT-NMR spectrometer. 
Magnetic moments were measured by a vibrating sample 
magnetometer model 155 at room temperature. The 
conductances of the solution of the complexes in DMSO were 
measured, at room temperature empolying a systronics 321 
conductivity bridge. 
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